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I. INTRODUCTION

This code manual describes the Numerical Electromagnetic Code -
Reflector Antenna Code by which the near field and far field of a typicalNavy reflector antenna can %e calculated. One important feature of the
code is the capability for a general reflector rim shape. Another import-
ant feature is the capability to input a practically arbitrary volumetric
feed pattern.

Since many Navy reflector antennas have parabolic surfaces, only
the class of parabolic surfaces was implemented in the computer code.
The geometry of the reflector rim is treated as piece-wise linear.
The code for the reflector geometry is flexible enough to include off-
sot fed reflectors and general reflector rim shapes such as elliptical
dnu rectangular with chopped corners.

The theoretical approach for computing the fields of the general
reflector is based on a combination of the Geometrical Theory of Dif-
fraction (GTD) and Aperture Integration (AI) techniques. Typically,
AI is used to compute the main beam and near sidelobes; GTD is used to
compute the wide-angle sidelobes and the backlobes. To implement the
computer algorithms based on these theories, efficient ways were devel-
oped to handle calculations involving the feed pattern, the aperture
field and the far field pattern computation.

Sampled data from each measured feed pattern cut is input and stored
in the code. Linear interpolatio. is then used to obtain a piece-wise
linear representation of the input pattern cut. The feed patterns in
planes other than those corresponding to the input pattern cuts also
are calculated by linear interpolation. This method provides a com-
putationally efficient way of calculating the aperture field without
requiring large amounts of computer storage for the measured feed pat-
tern. Only relatively few data points need to be stored for essentially
complete feed pattern information. Furthermore, the piece-wise linear
method has the advantages of flexibility and simplicity for general
feed patterns. No cut-and-try procedures are needed; the sample feed
values can be obtained directly from measured feed pattern data.

The aperture fields are calculated and stored on the principal
grid for use in the aperture integration. The principal grid values are
used for all output pattern cuts. The aperture fields are calculated at
points off the principal grid by using linear interpolation from the
principal grid. This is more efficient than calculating the aperture
fields from the feed pattern for each rotated grid that is used for
off-principal plane cuts.

The aperture integration uses an approach of overlapping subaper-
tures which allows a piece-wise linear representation for the aperture
distribution. Thus variations in the aperture fields can be represented
with relatively few subapertures. Furthermore, the subapertures can be
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electrically large; thus minimizing the computer storage and also the
amount of numerical integration required. For far field computations,
a rotating grid method is employed in that the y-integrations are
carried out for each column of the aperture and each one-dimensional
integration result is stored. The stored values for the y-integration
are then used for each pattern angle in the plane perpendicular to the
y-axis; thus the efficiency approaches that of a one-dimensional inte-
gration. Even though the integration grid must be rotated to obtain the
pattern in other planes, the required grid rotation is computationally
much faster than the numerous two-dimensional integrations that would
otherwise be required.

The GTD and Al approaches used for the reflector code have a basic
limitation on the minimum size reflector that can be modeled. This limi-
tation is probably on the order of Ix to 3X for the reflector diameter.
However, virtually all practical reflector antennas exceed 3X diameter.
There is no limitation on the maximum size of the reflector for the basic
analysis.

This code manual documents the detailed explanation of this code
except the input data section which is described in the Ik;er's Manual
[P]. The theoretical background on which the computer algorithms are
based is discussed in Section II. Section III consists of the actual
code descriptions of the main program and the various subroutines. For
each subsection of the main program and subroutine, the purpose and
method are included, accompanied by a flow diagram, a key variable list
and a listing of the code.

II. BACKGROUND

A. Aperture Integration

For aperture fields with arbitrary polarization having both x and
y components, the near field can be expressed as

f k JJ F Ea+TY Ea] sdxdy

where F and F are the modified vector element patterns associated
with two Huyge 's sources (crossed electric and magnetic dipoles)[2]
each having its electric field vector parallel to the X- and Y-axis,
respectively. These vector element patterns are expressed by

Fx = [ecosf - f sin,] c0s( T)
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The aperture integration is performed over the portion of the aper-
ture plane inside the reflector rim. For near field computations, a
rectangular grid size (Dx and Dr) is chosen so that the aperture can be
divided into a principal rectangular grid as shown in Fig. 1. Using the
approach of overlapping subapertures, the aperture is treated as a
collection of overlapping subapertures. Each subaperture is rectangular
in shape and consists of four adjacent grid rectangles. The aperture
distribution for each subaperture is triangular. The use of overlapping,
rectangular subapertures with triangular distributions permits a piece-
wise linear approximation to the overall aperture distribution of the
reflector. Furthermore, the grid spacings D and By can be electrically
large, i.e., several wavelengths in size. This fur'ther minimizes the
computation time. Thus the aperture integration results in a sum of the
pattern functions of the rectangular subapertures weighted by the aper-
ture field Ea and their respective areas. For far field computations,
the rectangular grid is rotated to form a non-orthogonal rotating grid
in which the y-axis is rotated an angle € from the principal Y-axis.

y N Nmax

I-I

F- -I-- F -  -'

Dx

II II

I I

N I My ICM I D x  I

N1 M Mm0X

Figure 1. Geometry for principal rectangular grid.
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Thus the y-integrations are independent of a and can be stored. Conse-
quently, the far field pattern in the plane perpendicular to the y-axis
is reduced to a one-dimensional integration; this provides greatly
improved efficiency over the many two-dimensional integrations that
would otherwise be required. Detailed implementation of these integra-
tion techniques are given in the related sections.

B. GTD

This section summarizes the GTD analysis. For further detail,
see the section describing the subroutine GTD.

The GTD analysis of the reflector is similar to that of diffraction
by a flat plate[3,4], except that the curvature of the reflector surface
must be taken into account. It was found that the reflector rim must be
subdivided into nearly straight segments. A suitable criterion is that
each segment of the reflector rim be small enough that the focus lies
in the far field of the rim segment.

The GTD method used in the reflector code increments around the
rim and determines whether a diffraction occurs for each linear rim seg-
ment. This is done by comparing the diffraction angle with the bounds
on the permissible range of angles. If the diffraction for that segment
is not significant, the code checks the next rim segment. If the dif-
fraction is significant, the diffraction point and the vector for the
incident ray from the feed are calculated. This procedure is the same
as that used for the flat plate scattering code except that the geometry
information associated with the parabolic reflector surface is changed.

Once the diffraction point XD is located, the diffraction angles
o and p are defined in the edge fixed coordinate system at the dif-
fraction point. The three orthogonal init vectors associated with this
system on each segment of the reflector rim are the edge unit vector V,
the unit normal vector VN which is given by

VN = -p sin ± + z cos

2 2

where

= X cos + Y sin

and the unit binormal vector VP=VNxV as shown in Fig. 2.

The incident angles a' and @' and the diffraction angles a and
and the associated unit vectors o' ', o and ; which define the

ray fixed coordinate system are determined using the incident ray unit

4



A

VP

Z iF

Figure 2. Unit vectors associated with the
reflector rim.

vector VI, the diffracted ray unit vector d and the unit vectors in
the edge fixed system as given by

0= 0 = sin-1 ldxVl

= tan 1ld.-

*=tan1-~

4 -VP sine' + VN coso'

S-VP sine + VN COS,
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I Ix VI

and

= 0 x d.

as illustrated in Fig. 3.

AA

V

(a)

AA

REFLEcr? 190
R I.M

10 --

VI

I \ 'x s

(b)
Figure 3a,b. Geometry for three dimensional diffraction

of a half plane.
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Thus the edge diffracted field from each segment, expressed in
parallel and perpendicular components referred to the ray fixed system,
is given by[5,6]

Ed(S) = -El(X D) Ds(L) A(S) e 
s

EI(S) = -EI(XD) Dh(L) A(S) ejks

where

= e 4_ ______ F[kL(O+ )l
Ds'h 2/+ sinmo .

24-r 2in
0- Cos COS

B

a 2 cos 2 )

F(X) = 2jlXIejX ejT dT is the transition function,

II vj1A (S ) = l S +_S')

for near field,

L = SS sin 2 a

and

A(S) = S

for far field

L =S' sin2o

7



The slope diffracted fields are calculated in a similar way except that
the slope diffraction coefficients aD /a ' and aDh/a¢' and the slope
E'/an of the incident field at the eAge are used. Thus the respective
parallel and perpendicular components of the slope diffracted field are
given by

lS =aEI(Xo) aD (L)

EI's jksin o  an an'

1 aE(XD) aDh(L)
Esd(S) I =D A(S)e-jksE1~s jksinao  an '

where

IT

j r sin .sin(2L) [l-F[kLa(a-)]]
0

± sin&+ [1-F[kLa(a+)]]

Since each rim segment is small, the diffractions from its two
endpoints are significant. These diffractions are calculated by using
the corner diffraction analysis developed by Burnside, et al[7]. The
corner diffraction compensates for the discontinuity which occurs when
the diffraction point nves off of the rim segment. The corner dif-
fraction field is given by[7]

Ec Izo sinsc e-j  e-jksc  jkss

[EcJ = iMY°J 2(cosoc+cosac) FjkLca(Poc+ c)1 e e

where

I A} (X (- )y~::~it (D) Cs(XD)Yo eJkS'

MEi (XD  Ch (XD )Zo

and

8
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C= -e 4 F kLa( F La(0-)
sh(XD 2 2 wk sint o° CF kLca(cos C)

- FfkLa(o')[ F
+ IL I,,

cos LkLca ( oc+ c)

where

Lc = Sc  for far field

and

ss
Lc  S----s for near field

The other variables associated with geometry are shown in Fig. 4.

SOURCE
POINT

X 0 
0 S€

S

x LOCATION

Figure 4. Geometry for corner diffraction problem.
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For near field calculations, the geometrical optics reflected
field must also be included in the total field if the observation point
is inside the projected aperture. Since the reflected fields from a
parabolic reflector are those of a plane wave with its wavefront parallel
to the aperture plane, the magnitude of the reflected fields can be cal-
culated from the aperture field and adding the appropriate phase term.

C. OUTPUT From the Code

If the field point is in the spillover region, the feed spillover
field is calculated and added to the total field from the reflector as
calculated by either AI or GTD.

For far field calculations or for near field calculations with con-
stant range, the total field is converted to principal and cross polar-
ized components as referred to the polarization of the field components
from a Huygen's source. For near field calculations with constant z,
the field is still expressed in rectangular components.

Far field calculations can be made with or without the e-jkR/R
range factor and this is controlled by the input logical variable LRANG.
If the range factor is suppressed (LRANG=false) the dB output of the
code is expressed as antenna gain relative to isotropic.

For far field calculations including the range factor (LRANG=true)
or for near field calculations the output is expressed as the electric
field relative to the field level of the feed along its axis and at a
range equal to the focal distance of the reflector. In cases for which
the feed axis is aligned with the reflector axis (zero feed tilt angle)
this field reference is the aperture field at the center of the aperture.
Thus, the power density (based on free. space impedance) for these cases
can be calculated from

S = PTIEI
2

F2Prad

where

IEI = magnitude output of the code

PT = transmitter power (radiated)

F = focal length of the reflector

Prad = relative power radiated by the feed
(see Section 1)

The information for F and Prad are included in the variable

10



4W.A
2

REFDB 10 log 2
F Prad

This variable is used to calculate far field gain and is given as output
from the code. Thus the power density in dB relative to I Watt/meter
(assuming PT is watts and A is meters) is given by

P
SdB = 20 logjEj + REFDB .10 log

Power density calculations can be used for radiation hazard predictions
or for calculating coupling in EMI predictions.

III. CODE DESCRIPTION

This computer code calculates both far field and near field pat-
terns of reflector antennas with general rim shapes and arbitrary feed
patterns. It uses a combination of Aperture Integration (AI) and the
Geometrical Theory of Diffraction (GTD) techniques.

This code is divided into two parts. The first part consists of
various command words which read all the input data. The details of
this command word system is explained in the User's Manual[l] and thus
is not repeated here.

The rest of this code belongs to the content of the XQ command
which performs the unit conversion of input data and all the computa-
tions to get the far field or near field results. Various subroutines
are called during the execution of this program and are described in
Part B of this chapter. In the main program, some of the sections which
need more detailed explanation are separated as subsections which are
actually expansions of their corresponding blocks in the flow diagram
of the main program.

The linkage of the subroutines to the main program is shown in
the following flow charts. All GTD calculations are controlled by the
subroutine GTD. The linkage of the subroutines to the subroutine GTD
is shown in the second flow chart that follows:

11
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A. MAIN PROGRAM

FLOW DIAGRAM

Commnand word section
for input data

(see User's Manual)

XQ

Fit feed

Calculate power radiated by feed
(see Section 1)

Loo tu gh various

14



SCalculate,,avelength RA7

Determine the length RIML

of each linear segment

YES< reflector have circular NO

m?

Determine total number of
rim segments NRIM and
calculate the coordinates
of rim points RIMS
(see Section 2)

to wavelengths

Set up the reflector coordinate syst m and
calculate constants associated with basic
reflector geometry

Calculate the gain reference in DB

15



Set up principal grid by
calling subroutine GRID
with rotation angle-O!I

Calculate and store aperture fields i
(see Section 3)

Calculate edge geomtry associated
with GTD by calling subroutine GEOM

P2 loop

S Calculate shadow boundaries

by calling subroutine SBDY

YS field caclation? NO-YES cluNO- F

(LNF)

NF JFF

Set up rotated grid by
calling subroutine GRID

J Y-lntegration j
(see Section 4)

16



Set up switching criterion
(see Section 5)

[CalculatE number of points NAI,

for which Al is to be used

P3 loop for Al
ri=l, NAI

Near fiel

-YES< calculation? > 10

AiF YE ¢-FF

Y-integration andS

X-integration X-inteqration j
(see Section 6) (see Section 7)

Calculate and add Calculate and add

feed spillover field feed spillover field

YES Constant Zcut? NO

Constant Constant
Z cut Range

Convert rectangular
field components to
THETA and PHI components

17



Convert ETHETA, EPItI to
principal and cross
polarized components

Express rectangular field Express principal and cross
conponents in dB and phase polarized components in DB
by calling subroutine and phase by calling sub-
)BPHS and output data routine DBPHS and OUtDUt data1'1

I Calculate number of points :GT),
for which GTD is to be calculated

I Calculate and output GTD results
by calling subroutine GTDI

Return for next
command word input

18



CODE LISTING

3 U %'1 $NRLRMSAEADABTAYFE ATR rAR AND) NEAR FIELD PAITERN FOR PARABOLIC REFLECTOR ANTENNA*

t) Dl)MINSICN JL(50),J(0,L(0,U(0,OI(0,Y(0.N3
0 DIMENSION RHOGS(2),CLRIM(67,2 ),CURIM(6i,2 ),RIMS(67,2)

b L)IMFNSION ANPIF(iCI).AP2(10),r-REflC1),PHIN(t5),PSIO( 15),
IE 1-P( S, 15), PX( 15, 15) ,AE--X( S) ,CAI1( 15)

I i, DIMENSION NSNS(lO)
11 COMPLEX FA)X, EI)Y,Hij)Z,FD)T,i EP, FIP,EIT ElX, ElY, EIZ, PHEI YEXP

14) COMPLEX 'ISJM(3,5),FA(2,5&5),(2,50),CJFH,.FHXP,FHXM,
i3 2FXP,FXM,YMIP,YM~l,ERHX,ERY,XEXP,EXPL,FXPI ,EXPR,EXPM,EAI,EA2,
I '; 1-YSL-X,YSL-Y,YSLZ.YSMX,YSMY,YSMZ,YSIJX,YSUY,YSUZ,PHSA,EALEA',
I,, 4SUMLX,SLML-Y,SUMX,SUVMY,SJMRX,SUkMRYStMX,SIIMY,S1JMZ,TMX,TMIT
16 COMPLEX CX,C'it~rFXN,FHYMi,FfiYP,F:YM,FYP,PFCT
11~ LOGICAL. Ll.FIV,1.AI l.FEFf),U.Tr)
lb LOGI CAL. L,'LOPII ,LCORNPR,LOIJTLWF), LRFSFJ, T3NRITF, LPLT

19 ~LOGICAL LODEHIKG ,LTEST, LWYSLJMX, LDEA S, LDB, LCP, LNF, LRANG-
0~ COMtAoN/1-OGDI F/LSLO PE, LCORN")R, LNF, LR ANG

21 COP.NON /GI~1r))/GRIDX,Grir)Y,EA
22 COMMON /uNIr)2/CJ ,CLI.A',CURIMA,RIM.PG, XMIN ,XMAXYMIN ,YMAX.

232N[IMI l,NL I M,GPI?)X ,G-Rr)Y, ACOSP,TANP ,PCH, MAXO, NRI M
-4 ~COMP.- ')N /(;EOMl/X(67,3),V(67,3),MRIM

25COMW/ON /GEFOM2/VP(67,3),Vtl(67,3),BD(672),VMAG,(67),RMC(67).
2C) r.VlC(07,3) ,XM(07, 3)
2 *CotI.IMOIJ /DI1 M/M')PI hi
28COIAION /5()hI NF/XS( 3)
2 CO0MillO0, /D Ik/)X (3 ), FIX, F IY. FI Z

C0 i k. 0 ' /N F/ RFCT, X 00( 3 ) , P lI E, P2 , R R
I CUo 01 / G17011.F FED, 1.O00T, LC P, LW R I TE.C OS PT ,S I N PT ,R EF .TEM 2
32COWION /FHI')/N?,PHIN,PX,-P,L[F3,NCK,NPHI ,NP 1,AEX,CAN,PSIO,PSIT

COMMON / COM P/C X, CY, G F, P HP, P)1, K X , KY, I SY h , S I NTLC OS TL
CON-MOrJ /PI S/PITPI DPR
COMMON /PREV/IP1R,PREP,PRFX,PRES

~:0COMMON /TEST/L-DER110, LTFST. NTEST
-,COMMON /EOCAL/F, ZOP
38COKMON /f FlbDY/Rllos

COMMON / RDY2 /TH I ,TH?.,THF8R
V;COMM1ON /PH/)RO, I CQ, JCO

,4 1 COI;MiON /OUT/MV
42) DIMENSILtF IR(?4),IT(14)
4'3 PIMPNSIN LAbUl.(2,3),UNITl(3)

DATA "PaI ,T/.,.30i4,9,0.0254/
'.5 DATA I.AhiEL/ I UHMETFRSNFTE INCHES/
'.0 DATA /41):TSr)FNFNLPPCMCTLPXOE/
~~ DATA i)EL/02.0i/
b DATA C/C .D8

TEFM2=0.A -j0- 1678

19



t) 4 MIFP= 15

Y.C!!
57 U! DEFAULT DATA '

CAK V~IYE (6,3 002)
ol WkITH(6,3000)

o3 -*o 10 FOPMAT(21-1 *,120~,PDEFALJLT DATP',J79, IH*)
WrkITE(6,30~06)

0V0COfNTINUE.

bb LA-i-=.TRI.

70 ~ .I-fET=TFAU :E.
11 LWY.JI4=. FALSE.

-12 LLFD=.FAL-SE.
7-- LCPf=.FALSE

b.5 ICRN=.TUE.

d6 o LI=.2R~F
j I IP+IN()=. UE
78 ~PIN(2')=.FLS.

60 ~ N I'IX
ti IAEI=.LE
tEX()-)

CACI=.L

PSIN(2)=4-.

PSIU()=120



PSIT=,.
I k :NFRO=I

104 FREO(])=11.
I ct) IP2= I
loo AP2(I)=O.

I V7 AP31 =0.
1083 AP3F=90.

ADP.3=5.
I I( ~ LWRI TE=. TRUE.
I I LPLT=.ThUE.

112 1NPF-=0
113 XOO(I)=0.
114 XOO(2)=O.

Hio PHIE=o.
11'1 RANG= 12)(60.
116 LRANG=.FALSE.
I i, LNF=.FALSE.

120 GO TO 3100
121 k-, 0 CONTINUE
122 JJkFSFT=. FALSE.
123 VNRITE(6,3006)
124 .Ak~k) tO0RMAT(1X,IH*,76X,IH*)
125 hR1TE(6,. 006)
12o IhRITE(6,30G05)
12-1 -'-05 FORMAT(1X,26(3f***))
12b C! !! RFAl) IN VARIOUS COMMAND OPTIONS.
129v 2 ,Y REAI)(5,3001O,END=30104)(IR(I),I=1.24)
130~ -'k,0I -FORM AT(2 4A3)
131 3vtw WR I TH(6 9 -102)
132 V ;2 t- ORM AT(/// IX,2 6( 3H***))

134 WR ITE(6, 3003) (I R(lI ), 1= 1, 24
13t) -'v,,3 kORMAT(lX,IH*,2X,24A3,2X,IH*)
136 IF(Ik(I).EO.IT(9).OR.IR(I).EO.IT(10))OO TO 3900i

137 WRITE(6,3006)

13Y~ C!!!
140~C! CHECK AGAINST STORED OPTIONS
k I C!!!
142 ,! !! DG (IT(1)) I D)ISH GEOMETRY INPUT
143 C!!! TO (IT(2)) a TEST DATA G6E4ERAkTION OPTION.
I~ C!!! FD) (IT(3')) : FEED PATTERN DEFINED
141- ,! !! FU (11(4)) s FREOUENCY RANGE DEFINED
14.6 C!!! NlF (IT(5)) I NEAR FIELD
147 C!!! NX (11(o)) 8 RESET DEFAULT DATA
148 C!!! LP (11(7)) : LINF PRINTER LISTING OF RESULTS
14S, L!!! PP (11(8)) 8 PEN PLOT OF RESUILTS

~C!!! CM (ii') I COMMFNT CARD
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Ibl W! CE (IT(o0)) : END OF COMMENT INFORMATION
IU2 I IL (IT(1I)) z FEE) TILT ANGLE AND APERTURE CENTER
I t u! PZ (IT(12)) : PHI PATTERN CUTS DEFINED

'4 .!! XO (IT( 13) ) EXECUTE PROGRAM
Itj L!!! EN (11(14)) : END PROGRAM
Ibo L!!!
I"- I IF (IR().EO.IT(I)) GO TO 3100
L_, IF (IR(I).EO.IT(2)) GO TO 3200
It)", IF (IR(1).EO.IT(3)) GO TO 3300
Ick IF (IR(I).EO.IT(4)) GO TO 3400
IoI IF (IR(I).F0.IT(5)) GO TO 3500
kU2 I- (IR(I).EQ. IT(6)) GO TO 3600
IoS IF (lI(l).EO.l1(7)) GO TO 3700

04 I - (Id( I).EO.IT(8)) GO TO 3800
I6b It- (I-(I).EO.IT(II)) GO TO A l000

(.(, I v ( Ik( ).EO.IT( 12 )) GO TO 4110
10-1 IF (If(I).EO.IT(13)) GO TO 4300
6r:IF (Ii(I).EO.IT(14)) GO TO 3004

I o. IR I T-( 6,3021 )

17o ".,o21 FORMAT(" *** PROGRAM ABORTS!!! COMMAND INPUT IS NOT PART OF

l7i I' STORED COMAND LIST ***')
1-12 S'- ,,;4 CALL EXIT

174 '.100 CONTINUE
I C- ------ -- ;s COKMAND
17o CS$$
I -i Cs$ IU[JIT=tINITS USED TO INPUT THE FOLLOWING LINEAR DIMENSIONS
178 C$sS l=DIMENSIONS INPUY IN METERS
179 Csss 2=DIMENSIONS INPUT IN FEET
18ft sSS 3=DIMENSIONS INPUT IN INCHES

,I lCs s

1b2 C'11$5

1I U$SS F=FOCAI, DIS11ANCE OF "THE PARABOLA
VA4 CSS

Iot c .$ GPII)X=(Il) SIZ IN X-)IRECTION USED IN APERTURE INTEGRATION
I~io cel'!

I1 C, $) GkI)Y=GkIl) SIZE IN Y-DIRECTION USED IN APERTIIRE INTEGRATION

W9, C $S D)=IAME1ER OF REFLECTOR. IF INPUT GREATER THAN ZERO ASSUMED
Iyv csS$ CIRCULAR AND CODE GENERATES THE RIM POINTS. IF LESS THAN ZE

I(I I cS kI;,' DATA INPUi WITH FOLLOWING READ STATEMENT
192 C$SS
I', K C$SS NOTE ALTL APOVE DATA INPUT IN UNITS SPECIFIED BY IIJNIT
194 C$$$
I I F (. tI. LE jT)R!AI) (5.-) IIINITF,GRII)XGRIDY, D
I196 NhITF (,3101) (LARFI3(N,I1ItJIT),N=I,2)
I, 101 -ORMAi (211 *," I.INEAR DIMENSION INPUTS ARE IN ",2A3,T79,IH*)
I, ;I VI TE (0,3¢Q06)

I-F (l).I.L.0 .) GO TO 3104
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20 1 W RITrF (o.3 l.'-2) D)
* 102 F-uNVAj(2il *,Ta,#lCIRCULAR REFLECTOR WITP APERTURE DIAMETER '

2fY.,i7~I H*)
; 4 NPIl [:(c), 3006)

Go TO 3 112
v~o C$S$

20; C$ IF H)IAMETERI OF DISH IS DEFINED NEGATIVE AROVE,T4EN INPUT RIM
"~Cs$S POIN~I's )IRECI.Y

Cl $5 (' NIkIt-=NUMBER OF- RIM POINTS INPUT

i1 SS "a it-104rEH,=X-POSITION OF THE NE-TH RIM POINT
e. I LtSS J?1h(NE,2)=Y-P)OSITION OF THE NE-TH RIM POINT

,it, 1104 IF ().LI..ANt.(.NOT.LRESF-T)) READ (5,-) NRIM.((RIM(NE,N),N=1

216 lNE=1,NRIM~)

2I8 iL-0 FoRMAT(2H *,T10.'COORDINATES OF RIM POINTS IN METERSPT79,]H*

219 212H *,T20,'RIM POINT',9X,'X', 14X,'Y',T79,1H4*)
22 k RIL690t
.)21 ILD 3 110 NE=I NRI M
2 22 WRIlTE (o,3108) NE,(RIM(NF,N),N=1,2)
2e2_ - fdMS(NE,1)=PIM(NE,1)*JNITO
224 RI MS(N[E,2) =RIM (NF,2)*UNI TO

;2 1 10 CONTINUE
' A 12- I (t,3006)

2 2H VI4TE (o,3115) F,GPIr)X,ORIDY
229 31 1 FORMAT(21! *,110,'FOCAL [)ISIANCE=',F9.2,T35,'GRID)X=',F7.3.5X,

2 -*-2'GRIDY =',Vi.3,T79,IH*)
2'-1 FOC US= F* U N 1
2 )2 G X = G RI b X *UN IT0

2 ~(;R Y= Git1)Y* I IN I 1'O
2 4 A=0. ' LJ1UflO0

It-(kESET)GO TO 3300
2d. GO To 3o
,37 ---

2)k 1 v C U NTI NU E
2 3 C--------102 COMMAND -----

241 C$$$ LDEbUG=DHiiUG D)ATA OUTPUT ON LINE PRINTER(TRIE OR FALSE)
2"2 C$$$
.'4.3 C$$S LIET=TEY D)ATA TO INSURF PROGRAM OPERATION(TRUE OR FALSE)
,44 C$SS
24 t C$ $$ L-YSUM= .RI'll YSIJM DATA ON LINE PRINTHR(TRIIE OR FALSE)

24o( C$ $5
24 - C$S LOU*I=0UIJPU' MAIN PROGRAM DATA ON LINE PRINTER(TRUF OR FAL-SF)

,146 C$ $$
~ c~ssLWJFI=0AtPl[IJT FFFD PAITERN DATA ON LINE PRINTER(TRUE OR FALSE)

2'-)V C'$$

23



251REAL) (5,-) LOEB1JG, LTFST, LWYS9UM, LOUT, LWFI)
2Wi ITE( 6,3201 LDrEBUGC, LTEST, LWYSUM,LOUT, LVFD
23FORMAT(21 *,5X,LD~fEBUG= 1,f-2'5X.11.ES I= *,1.25X.'LWYSIJM=',12,

2Y' ISX,'LOU'i =',.25X,T.NFr) =-' ,L2,T79, IH*)
')& - -)VkITE(o, 3006)

25)i Cs$$ LSLO0PE=!d.OPF DIFFR~ACTED FIELD D)ESIRED (T OR F)

2~9 CUSS CO1NH=COR1:Fi DIFFRACTEI) FLEW) DESJRE[ (T OR F)

"ol RLAIJ(Lj,-)LS.O)PiFLCORNR
hI10 i(o 1,32 02 ) LSL OPE ,LC OR N R

23 2. (12 FORMA'Y(211 *,5X,'lSLOPE= '1,12,5X,LCORNR= ',L2,5X,

20( C~$$ AI=APEkTURE INTEGRATION SOLUTION INCIUDED (TRUE OR FALSE)
01/ LIS$

2168 C$$$ Llk;E~zD=F[-E[ SPILLOVER INCLIJDED IN SOLUTION (TRUJE 0OR FALSE)
20Y L$SS
270 C$$$ LU;TD=GT[) INCLUJIED IN SOLUTION (TRUE OR? FALSE)
271 (ASS
2-j2 C$$S THETAX=PATTERN SWITCHING ANGLE FROM Al TO GTD
273 (255$
2 4 C$$$ ZX=STARTIN; CRITERION FOR UTSING AI IN NEAR FIELD CALCULATION
27t) C$$$

2-16 REA(5,-)LAI ,LFEED.,L0TD,TfiFTAX,ZXP
2',VJRITIH (6,3006)

2-78 lN.hjTE (o,3204) LAT ,LFEED,LGTn
279 32 04 FORMA*1(2[i *,5X,ILAI =',L.2.8X,'LFEED =',L2,6X,LGTr) =1

60 21-2,T79, 11-1*)
2b I WIRITE (6,30066)
2 8 "r IIRITF (0.3206) THETAX,ZXP
2?83 C2ou FOFIvAY (21- *,5X,TiETAX =',F5.2,5X,'ZX =',FIO.3,T791H*)

2W~ ZXP2=ZXP*UNII()

2('11 TO-----

H7 *-3-xo CONTINUE
'u - -- D: COPiMAND - - - - -

e89 KX=o
290 KY=(6

C9 CX =1:IQ2+CJ *0
2912 CY=CJ*TEM2

C$$$ (ASSLFl.)=I NPUT FFD PATTERN IN TERMS OF LINEAR DATA POINTS
29's ts$ IF .TiJ.OR ANALYTIC FUNCTION IF .FAL;F.

2WI C.S$ .CP=i-LED IS CIR~CULARLY POLARIZED (TRUF OR FALSE)

29 1.) ' S LL k:D IATA INPUT IN 8,IF l.DI3.TPtiE.
3VO~ c$S L.INE~AR FEI) DATA INPUT, IF L"!)R=.FALSE.
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_A)2 C$$$ COEI-FICIENTS OF THE FEED PATTERN

304 C$$$ ISYA'=O NO SYMMETRY
30t C$S ISYN=I EVEN SYMMETRY W.P.T. X AND Y AXIS
300c C$$$ ISYhl=-I ODD SY1YMETRY W.R.T. X AND Y AXIS
30,~ C$$$ ISYM=2 EVEN SYMMETRY W.P.T. X AXIS
job~ C$SS ISYM=-2 ODD SYMMETRY W.R.T. X AXIS
3k (ASS ISYM=3 EVEN SYMMETRY I'.R.T. Y AXIS
3 10 CsS I SYM-3 ODD SYIMETRY W..T Y AXIS
311 C$

112 C$
313 C,$$ PSIT=TILT ANGI.F OF FFEF) RELATIVE TO -Z AXIS IN THE YZ PLANE.
314 C$S$ N~fi1vALLY ZFRO ;HOWEVER USEFUL FOR OFFSET REFLECTOR
.31b C$$$
316 C$SS TAU=LINP.AI POLARIZATION ANGLE RELATIVE TO X-AXIS OF FEED
31, CSS$
318 IF(.NIOT.LRESFET)READ(5,-)LLFDLCP,LD,ISYM,TAI
319~ NCK=2
32 k) IF(LLFD)NCK=0
321 IF (LCP) WiRITE (6,3301)
322 3i '01 FOi.Ai(2H *,T8,PCIRCIJLARLY POLARIZED FEED0,T79, IH*)
323 VWPITE(6,3006)
324 INRITE(6,330I2)ISYM
32.) 3.':02 FORMA1(2H *,18,'FEED PATTERN SYMMETRY GIVEN RYSISYM-',12,
326 1179,]H*)
321 iR I TE (6, 3006)
32b (A s
329 C$$$ NPHI=NUPBER OF INPUT FEED PATTERN CUTS
'o~ (ASS$

331 C$$$ PHIN(N)=PHI ANGLE OF N-TH INPUT PATTERN CUT
3 2 C$SS

Ih(.NOT.LRESET)READ (5,-) NPHI,(PHIN(N),N=I,NPHI)
i34 IF- (LCP) GO TO 3305
3.35 VilITE (6.3303) TAU
33o -303 FORMAT(211 *,T8,'L.INEARLY POLARIZED FEFD',-T79,IH*,/2H *,T79.

2)H*,/211 *,T)O,PPOLARIZED ANGLE ='*,F7.2,T79,1H*)
33i 8 WRITE(6,3006)

.339 TAUR=TAU/DPR
34 W S INTU=SI N (TA UP)
34 I COSTU=COS(TAUP)
342 CX=COSTU+CJ*0.
34-, CY=S.I NTU+CJ*0.
344 ' 305 CONTINUE
345 IF(LDB)KRITE(6.4002)
3A6 4002 FOPMAT(2H *,TIO,PFEED DATA INPUT IN DB.',T79,1H*)
J4_/ IF(.NOT.LDB)WRITE(6,4003)
348 A003 FORMAT(2H *,T1O,'1LINEAR FEED DATA INPIIT',T79,IH*)
3,49 WRITE(6,3006)
350 IF (IAHU CX).GT.1. D-5), K X=1
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351 IF(BABU CY).GT.t.0-5) KY=l
3t)2 LRITE(6.3&"06)

3b-'- PNlPHI N ( I )
3t)4 P NN=PH I N(N PH I)

J t' t)I h,=IAHS( ISYM)
PH= I',.
plip=0,.

J C!!! CHECK INITIAL AND FINAL INPUT PHIN
11' (If.FO.0.AND.PNl.NE.-l80.) GO TO 2H5

Jok, IF (IB.EO.I.ANID.(PNI.NE.(O..OR.PNN.NE.90.)) 6O TO 285
-lolIF (IH.FO.2.ANI). (PN).NE.O..OR.PNN.NF.180.)) GO TO 285

362 It- (IBi.EO.3.AND.(PN).NE.-90..OR.PNN.NF.99J.)) GO TO 285
3()- It- (LI-FD) GO TO 3315i
J64 (,$$S
3o5) C$$S ANALYTIC FEED PATTERN INPIJT(LLDF=.FALS;E.)
-)Co C$$
3o - C'ss$S NPWl=COSINE RAISED TO THIS POWER
3o6 (-$$s

sC $ A1FX=E-XPL'NINTIAL. FACTOR TO CONTROL SIDE LOBE LEVEL

311 C'Y$$ CAN=CONSTANT TERM TO APPROXIMATE FAR OUT SECTION OF FEED
372 C$$$ PATITERN
3/1 c$sss
3 -14 C$$$ PSIO(N)=ANGLE TO CONTROL THE ZERO ASSOCIATED WITH COSINE
37t Css$ FOR THE N-TH PHI INPUTr FEED PATTERN CUT
3-16 C$$$
3.57 c$Ss NOTE: FFED=CXP-AEX*(PsI/PSIO)**2)*COS.5*PI(PSI/PSIO)*NPW

+C AN
*17d C$$S

ItH;.rOT.LRESET)READ (5,-)NPW,(AFXN),CAN(N),PSIO:N),N=1,N4PHI)
38 0WRITE (6,330J8) NPW

361 .330J8 FORMAT (2H *,7112,5HNPI =,12.T79,IH*,/2H *,T16,"N',Tf26.
302 I'*PHlI(N)'*,6X,-'PSIO(N)',9X,'AEX(NJ)',7X, 'CAN(N)',T79,1IH*)
38 ,3 DO .3312 N=i,NPHI

3b4 ,RITF (6,331V) N,1PHIN(N).PSIO(N,),AFX(NJ),CAN(N)
-lb t --Ii Fo)P?'AF(2I1 *,T1S,J2.3Fl4.I,FI3.2,179, III*)

J06 12 ('1O lN NI JF

$CS$ LITNFAih FFED PATTERN INPllT(ILIFD=.TRIJF.)
$$~

3sC$S$ N2=MAXIhJM NUMBER OF FEEDr PA'ITFRN POINTS TO RE READ FOR
393c$$ All INP117 PHI ANGLES
3(14 ~$5

Ik- t, OT. LRESFT)EAI) (5.-) N2
3S~o VRITl (o,3318) N2

39 -,318a FOIIWAT(21i *,TI1,'MAXMJM% P11MBER OF FFFD POINTS',12,T79,IH*)
396 YRIIF(0,3006)
-3 ~IF (N;.CT.MDFP) GO TO 27?

4VV5 NPP=NPlI +1
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41 It: (i(Y.5O0.r) kRITF (6,3320)
4 2 IF (KX.EO.(4') WIRITE (6,3322)
4v -1-1320 FUIk4ATr(2H *,Thi,'X-OPIENTE) DIPOLE FFED'P,T79,IH*)
404 3322 FOR1AAT(2H *,T8,'Y-O[?IENTED DIPOLE FEET)-',T79,IH*)

40) WRlTF(6,3006)
400 DO 33405 NP=l ,NPHif
41;, WHITF (6,3325) NP,PHIN(NP)

408 -'-325 FOIWAT(211 *,T8,5HPHIN(,II,3H) =,F6.1,T79,1H*)
40Y WkITE(6,3-006)

41V KkITE (o,3326)
411 -32o FOHMAT(24 *,TIO,27HPIECEIIISE LINEAR FEED INPUT,T79,IH*,/
412 2>211 *.Tlb,311PSI,T31,IHF,12X,5HF(D),)T79,1H*)
4U 1 V- WITE(6,3006)
414 D)O 3340 K=l,N2
4 l! C$$$
4 1 C LJ$$$ ISIX=N'-I*H PSI PATTERN ANGLE OF INPUT FEED POINT

4183 L.-SS FN=PAITERN V.FLUE IN DB.
41Y C$$$

42k, If-(.NOT.LRESET)READ (5,-) PSIX,FN
421 PX(NP,K)=PSIX
422 FP(NP,K)=FN
423 IF (tlP.Gl*.I) GO TO 3328
424 PX(NPP,K)=PSlX
42 t FP(NPP,K)=FN
42o 3328 IF (LDB) GO TO 3330

42-1 AFN=ABS(FN)
428 IF (AFN.LT.f.E-5) FDB=-500.
429 IF (AFN.GE.li-5) FDB=20.*ALOGIO(AFN)
4.3o GO TO 3332
431 3330 FDB=FN
432-; FN=I0.**(FD/24.)
4.3':3 3332 WRITE (0,3334) PSIX,FN,FD)B
434 3334 FORMAT(2H *,T'10,FIO.2,F15.4,F13.2,T79,1H*)
435 3340 CONTINUE
4330 GO TO 3k,00
437 ---
4-%' -%40,0 CONTINUE
4--Y ----- Fo I COMMAND----------
440 CS$
Atl1 Cs$$ NFRQ=NIJMBER OF FREQUENCIES CONSIDERED IN COMPUTATION
442 C$$$
4' .CS$$ FkF-0([)=I-Thi FREQUENCY IN GIGAHERTZ
/4 d.d "$

44o WJI ITF (,3401 )NFRO, (FREO( I ) , I INFRO)
447 .-4 01 FORNA'i(2H *9-' FOR THIS (3EOMFTRY.TfiERE WILL BE ',13.' FREOUFNC

448 it-* '..NF,1l)1RFD AS FOLLOWS' V T79,11*,/2V *,IO(F6.2,','),
449 2T,-/g IHf*)

41-)0c G CVi
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4t)2 (I2 -TN!I
45)3 C-- N * C0?/t ~ ---

41-)., RE5AD) .- LNF ,LRAN(;

') 6 Is: (L11F) (3) TO0 3! 05

4'j8 t) 11 FO1114AT (211 *,m,')FAPi FIELD PATTERN1 W~ILL BE CALCILATD,T79,1H

4'j 1,IF ( .140'1. LiW'(3) W TO 300

461 VIR-ITL: RC,5( !ANG
462 02 FUlfl4Ai (2 H * T1 0G 1'~ TH k ANO GE ,F10.2. T7 9, 1H*)
46.. PAN(;=IMU.G* UN ITO
4o~4 GO) '10 3v0-
465 5~ 05~~'~ c56
400 CV,, f(ThMAAY (211 *,r ,t'A FIELF- PATTPJW ViILL BE CALCULAED',T79, I

116-3 READI (5,-5) 1:1 F:, (XOO(I)1, )

469 35 0 - F OPM AT ( 21 H T 10i ,' IN P I II E F' ,7. 2, ,- GIhE C UT, At! r ORI G I N AT

471 1 XOI=XCO( I )*tJf4To
4 72 X02=XOO(2) *Ut*1O(

4 - i X03= XG00)-U NIYo
41,IF ( LHAVG) V;T~(,5"

47t) t)08 FORMATY (2H1 *qi I !9,' I-TF ()OINT DNC'.179 f*
,0 6 1 t ( *NO'i.LUIANC; ) vil" ITE (6 ,35!19
4 1-1 t) 0 F-ORMAT ( 2H * 1 ' ' 'IilOFlITAI!' Z cr',19 *

4 -1 t5Vd'I11 (6,3MM6
47S, (10 TO 3'(V0
48V~

4132 C--- L.P C(4.'11AMD

4b' AC$$S SLT i~WFIE o)UTI'IJT FLAG Fo 'ATA IiITTPI OUT ON L12"F ~T
485 C$S$$

410 70 1 i-011AT (21i *, SX DATA' WI LI. BF OUTPUT'1'LIF PI T:!'
4b.8 I T79, I H*)

4o v LV I T=.ThUIlJ.

491 ---
4 S,2 00~ CONT1I ih 11
493_ C- jPp Co1,'%MAN
4Y4 Ct $$
495 Cl $$ S[T kd.AC SVC(1 Yi-!iAYi Tf"lE IWYA ".ILLi !11FV PLOTTLD

4S7/ CSS$$ I

491- RAD (Ls,-) IP.

4(w 6 IF (I.01.1/) h1I6T~
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IF ( .EOT.LPI) ~VRITL (5,380,1)
5)02 _.8 04 FU-NAT (211 *,x,,"t;" PLO' ')UTPUl] CENERATLD'T-,/, I H*)
y_,3 IF ( IN PF.E(2. V) GQ TO 3:V 0

tA64 IF (IiIPF.(;T. 0) REA[) (5,-) (A PF(L),L=I,INPr')
bv. tIF (I!JPF.LT.0)PFAD) (5,-) A, JPF( I ,) ,.PF( 2)

t) k e;GO TO) 3UMV

tb. ,'00 CONY INtHE
b 9 L - ICM OP CHs COX'IANI)

)I I CS P liAl) "C.':" (PPDS AS COP';ETS UNTIL A "CE':" CA:?I) IS I "'PUT ',t IC

512 ,$SS LIDS CO.LWENT
SI1) CS$$
j14 Y 99 If:(I li(I EO. IT ( 10))GO TO 3 VV (
b I t) R~E AID (5, _--00,I1, Ell! lj= 30(,4 ) ( I.? ( I ,I= --1I 24)

si c 1 WHl(6,3003 ) ( IR (I ), I= 1, 24)
I i I P( I F0).O. IT( 9).OR.IP( 1)..0. IT( 10) ;u TO 3 99 )

I18 G0 TO 359

t20 , ( A CONTINIIE
t2 I -------- YL: C0.i A - --D

t, 2 '-$S$
523 CS P IT=TILT ANGLE OF FEE') RELATIVE TO -;: AXIS IN THE YZ PLAV.
t24 CS$S NOI'ALI. ZERO lHO,!-VE, USEFUL FOP OFFSET PEFLECT.Oa
52t C$$S
520 CS $$ YC=Y-COORI)INATE OF APERTURE CETER
b2"/ CS$
28 ItEAD (5,-) P.IYC
W29 WttIl'|. (0,400 1) PSIT, YC

53',0 A0I FORMAT (21! *T I0, ,'fl-ED AXIS TI LT AI.Lh F', 8.2,779 ,I! 12! 1
531 2179, 1iH*,2H *,TI0,'APE R'IitE CIENTE ?E AT (..,',FI.3,' )',79, J,*

)
5._ 2 YC= YC*UN I TO
t33 tS h I' -h (o, 3m,,o)

5,4 GO TO 3(,00
53J) C:--
5-" 6 (100 ,. CONT INUEi
S3i C----------PZs COM' 11)Dtb3 t_- "c S

t-9 C$SS IP2=ABSOLIJTF VALUE OF tIJ'BEi OF PA'i"1 10;- CUTS ;)ESIiE!).
540 CSS$$ IF 1P2 L-SS THAN ZEO ,TUE. INPUT AIIP SUCH THAT
t41 $S$ P2=AP2(I)+(N-I)*AP2(2) FOR N=0 TO ':=/IP2/-I.
t,42 C!S$ IF' IP2 GiEATEk THAN IU-RO ,TIHEN. IP.IT TME oESIRED
t43 CS$$ PATTERN CUT VALUES I .PUT DIRF.CILY
b44 C$S$
t4 R hEAU (b,-) I P2
t4o NP2=IAI S(I P2)

b4 "I kII :( 6,410(1 ) NP2

54,i ,1 FOliIAI(214 *,' USING TIll: PIESIJ'T P:(II-iY,TIFhE -.I BY "13,
:)49 ,I, PA'Y-fEtE'N CUTS COMP)J') ,'79 , I jli*)
516 ITh ( b,. Oo)2
bb I Jl-IT( 6,3 ,(0 )
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5, C$ S$ ANP= I Nk&LUh AT I iN ASSOC I ATH I-A VITH IIIF DlWSI PE) CUTS. THE I
L5 CDSL[FI NITI ON OF '11-I S ARANGAY IS GI11VED I'l TlI I: PkE V I (ou ,, :.M O.HLNTE

ttoIF (~2G.)READ Q),-) (AP2(L),L=I,;,P2)

b5b tjI,02 k-OPMAT(214 *, ' SINCE IP2 IS POSITIVF TiP FOLLO'A'ING CUTS VULL,'
t~t) 9 I,* BsE COA PU)ITEUZ,',TI7Y,lI*,/21i *,8(F6. .1,,).T79,]H*)

liHIP2.LT'.V,)HUTE(6,4113)AP2( I ),AP2(2)
t)62 -. 103 FUIMAT(2H *9-* l~fll411 ClITS 1,4IL.1 bF CO"PLIEhF STAPTI"1 G AT P2=1
lJ I5 , Fo. I , A N 1 , INCR ?AM Jhi: ) BYr*6 . I ,T79 ,I*

t)(, (ASS ADP3=INCREMENTS IN PPTrl."~TL VAI.llF9 FOR EACH CU"I

t)08 U$ $$ AP31 =INllI AL- THETA ANGLE OR OlHO Fok. EAC!' COlM!UTW 2flEP' CUT

0,~ U$s$ AP3F=FINAL THETA ANGLE 0OR RHO FOR PATfE~Nl CUT

7') .;?EAL'(,-)AP3I .AP3i-,ADP2
t) RITE (0,4104) A3,PI

t)74 4 104 FORtAAT(2H *,!SX,'IAP31 =', F7 .25X,AP3F i-r7.2.*791!!*)
to WyRIT (6,3006)

j7 (i VliITE(o f4 1 0))APP3
5'j ~I 0t k-ORAT(2V *, rOP EACH CUT THE' PAITF01~ iILL. DE CW-1-PYT- E AC I

1 ,i6. 1 ,' DiUGR1-lIEP T1 ?HT A ON -, T7 9, 11*,12P V*,T7 9.1 1~,2!'
7 ~21 INPUli JNIl IN PHO',7/9, Ii!*)

8 i I I No0 .'l L.5 o F Go'~ '1) I(?

5b~ '30'1) CONTINIIL
t--------XC: COA AN B-----------)-- - - -

1)86 a< (I.o)
t)8 IINIS1~ PS IT/DPR)

lk8 CO,'I*L=CCS ( PSIT/U PR )
t5b 9 1 k- ( .;,10 .L WrID) G 0 TO 7 0

L% * PkIN' FEED) PATE-10 *

t) IF- (NCK.Eo.(0) DPSI=5.
. 11-: (NCK.EO.2) DPSI=PSIo(l)/lV.
595 PH IP=i.

DO0 oo fIP=1 2
59*I IR ITF (0,60)) PPI P

5%d 00 FOI?AAI( /2H 1:, iS 5.6iPWHIP = ,Vi .2, 1X ,2Vfq ICGREF FEED PATTERNh,77' .1
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*~ ~~0 -J 605 1~l =Ii-) I ,I PA9HII

60~4 U)=XhsA! iS ( G- CX)
owb ( Y=L3AB5((,-F*CY)

60 6 1r- ( .;]0 oi .LI OF GO 1*) 02
610-1 It- ((;X. L i. 1. -5) 5X=- I t iv.

IFA (C)X.(~ I . ~*~ X2.ALCIG I V(GWX)
(A~ 1F 2(Y.E 1.N- I Nil-.P.O;i(
oi 1 2 vol(I'l MiNJL: l

612 64 d ruilo A (i. I ) T 10 , (;l.2X ..- r I - 1Y,1

0 14 +5I- ) P+ z I I

o Io PHiI l'=PfiI P+ ~(0
61; o6 CONTIMlIL:

* 018 /0 1~S
619 Pi
62k; C
o2l C 2 PfLO- FHEf PATFFIN *
o22 C
62 3 II (INP[F.FO.V) GO TO 89,
624 NNF= I A3S( I NPF)
o2 LA8=0
02 o DO 76 Mi-1,fJNF-

628 IF (~~.T~ HA;ti)cFi*r'F2
629 P I I PF-tPh 11)
03 w PS I=0.
6 3-1 DoU Th1. 1=1,5
6--2 PSIi-=AHW(PSI)
()'3 IF (I L..)PHIPF=PHIP-MV.
03i4 CALL. FFi)ED(PSI , I PF, PSA, PFCA.",)
() t AGX=l)AH ((OF*CX)
6--6 AG Y= 3A ~Ij .) U'F*CY )
oj37 I F ( A(;X . T. 1 . -5 ) r3XD13=- 1 V.

38 ~I F ( A(3Y. LT. 1 1:5 GYIM4B=- 1W.
039 IF M; X. (J:. 1 JF-5) GXDi=2,.*AlOCU,((AGX)
u4 I t ( AGY.;F . I .F-5) YL=~.*.01CA)
04 1 IF (-X.fEO. I ) PLIF=(XI)3
6' 2 1kF ( KY. F0. I ) PLY r=CYLB

64' PS 1='S 1+ '.
044 75 COPJi II.'ul-
045 e) CONT IIM lL
040 LAB=0.
04 7 IF (;l.( . LA I ). A ANf .Y CC TOT.~i ) )cc o
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IPower Radiated by feed (Section 1)

090 C ** [?EGUF--NCY LCOP *
0Y iI C~
o0v2 DO 2 70 10= I , MF ?0

c)94 P.k ITF ( 6, 90) F' H 0( 10)

Oyu K i TIE ( 0 206)
oy-i HLAM= I DL-9*C/FiE0( 10)

oYY 97 FOWIti (211 *,TI1,,'*1AVELI;FNTH ='h1., ETE3'0,T79, lH*,/2!1 *

?T10~,P* THE tIc.LLOVI IG L)A~I ON UVIIS ARF IN hiAVLENMiS *1
7L"1 Y179,III*)

It r ( .rjul.LNFl) G0 TO 98
h,4 X001( I ) =X0OI /k TA V
Y k! 1)X UO 2) =1 02 /1?L A .1

7 W ( X UU( -) = X03/ IL A,"

1W. - (LHAFiU) dC=XP(J*P*j)/f
7 C !)=2. *A/ILAI,
I I ~ YC--YCM/fWLMt
( I F=FOCUS/dLA..,

I F 21ZX=L 1-./P A0. ;0 11,

IRim point calculation for circular
aperture (Section 2)
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-1 / 1 104 IN ' -' ,3 0
742 WHI f-~ (oIc05)
14, lot) FoWMAf*(21 *91T10,PCOORDINATES OF PIt4 POINTS (1AVELH1;0THS)'-,T7

144 2IH*,/211 *,T2-(I,'PIIM POINT-, 9X,'X', 14X,-*Y'*,T79),I1H1*)
74!j RMAX=J.
14o DO 108 NE=I.MU?'M
/41 1DO 106 N=.1 .2

149 RHOSO)Il P( NE, I )**2+1?IM(i-'E,2 )**2
/too 11- (.HO$O0.MkAX) RPAX=R1HoOO
/t) 1 10 W RnITE (6,3 10H) NE, (RIPUE,1) ,t1=I ,2)
752 bIITF(e,3006)

f t)-'-GRII)X=GRkX/RLt'A
7t)4 GfIDY=GkY/Lt1L'

i )I-)IVITF (t, 109) -, G1,111OX, Ci?lJOY
-1t6 109 FORMAT (2H- *,T12,-*FCAL DISTANCE =',F1,.2,T79,1H*,/2H *,T79,
757 21I1*./2H *,112.-'GUIV1X =',F7.2,5X,'GRU)Y =',F7.2,T79,IH4*,)

75Y ZOP=I-?AX/(4.*F)
.16or ZO=F-ZOP
70l I O=SQIT( PMAX+ZO**2)
702 XS(])=0.
76-'- XS(2)=0.
1o4 XSo(3)=Z(G
/6t) I F ( urFs i) k RI TE ( 6, 110) ZO0P ,Z 0,RO0
7eoo 111) FOR14AT(211 I,1I04ZP,9.4X3 O=. .,X3 WF.,T,1H

7o7 REFDIli(l.*ALOG It', (2 .*TPI/(r*F*PI?AI))
7o8 RiEF=1?-FDF

769It-; (L-HANG) REF=0.
10 ~WI T F( 6, 1006)

T71W I TIF (6,111) RE F
7-12 111 F ORMAT(2-F *, T 2, 'PREF I'FV. 3, T7 I H*)

114PHiSE~A=CXP (-CJ*TPI *RO)
7Th PJI=AP31

776 P3F=AP3F
'4' [)P3=A[DP

77 8 IF (.N01.LNF.OP.LRAI NG) GO TO 112
7-1'1 P31=AP3I*UNITfO/RLAY
180' P3F= AP31F*IJ k(ITO/P LAM
761 1)P3=A)P*UI ITJ/f?LA1P
782 1 12 N-f=(1P3F-P31 )/I0P3+1 .1
703 C
/b4 C ** ALL UNITS ARI? IN WVAVLENGI'MS FROM VERE ON

70IF ( LPIUi) WR? ITH (2 )LULIPLA, r
7d, (LP[.1 ) VJRITF (2) P.31 ,P3t-, DP2j,r1P2, .!I,F,I),GP-,IDX,YC,iRRPSIT

7b8 u
Myv c * SET UIP PRINCIPAL GRID -A**
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r77-77

I%1 I CALL GI?IL(0.,IC0,IY.O)
792 FJC=-Y I N/(.'RDY+I)EL

Igo JMO=FJ+JCO
iv, 1 F ( LTFhUI ) I ?111 (6, 113)IO 1OJOMH
198v 113J FORMA-1 (211 07 1 UC=,I.5X41M=,13,T79, 11!:,/2!, !),Y Ic;,4HJ

8 01 viIC=ICO
8L. IJC=JC()
802 IMAX=I ML

S P1.M A X =11 ?T'+2
w)4 NMIAX=J,,:C+2
60!3 MAAXO=&UN,/IX

W~o IF (NMAX.(31I.N'.AXO) MAXO-rP11AX
807 ?NO=(MAXO+1 )/2

806 AX=Xh1AX-Xi1I 'J
8 V, [ Y=YMAX-,M I !
H I V IF (MAXO.Ltu-i)U'.DA) GO T0 116

8 1 1 IAAX=PA'AXL
o 12 114 ilkIT(6, -300)
h13 Vik YiE (o, I I ,) iA X

1 115 FORMAY(21! J ,I V', MAX =-'.13,T79,1 HE)

I ~GO TO 2 -2
817 1 Ho CONT INLIL-

IF (1.7 1...LDERUG) INTEST=1
626 ~I F (11E- :i.C?.[)'-'iUG) NJRITE (6, 1171)

621 i 17 FORMAT(2H T,i1o,YI1,cTING APERTURE FIELDS'*,T79,IHT)

Aperture field calculations (Section 3)

o CC
8o4 CALL GU(HM~ILPM

t~o 1 IF (MRIM .L-E.MDRIM) GO TO 123
800 KRITE(6.30~0o)
860 'WITE (6,122) IMRIM
bob 122 FORiMAT(21i E,1I0,,'MRIM =-*,12,T79,1HE)

87o GO 10 2712
811 123 CONT INUE
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872 C
bb I-((.O. LF AN) LAO )) wl-lTE (6,126) !

874 12o FOR~MAT (1211 *,TI(A/,** CONSTANT RANGL *. ='1,FH .2,' **',T79,M!*

87o C * P2 LOOP *

84jC
878 NP2= I AHli( IP2)
8719 DO 270 AkP=I,IP2

bbi)If- (1P2.OT.(A) P2=AP2(MP)
681 1IF (1P2.L-T.0') P2=AP2(1)+(MP-t)*AP2(2)
86b2 h'fHII1(6,30(A6)
883, IF (LtIF) PffI=PHIF
8b " If- (.OLi) PHI=P2

bb j IRITL- (6,130A) PHI
88c 13V, FORKAT(2H *,T5,51lP111 =,F8.2,T79, IH*)
887 IF (PHI.GT.i8A.) PliI=PHI-367.
8b8 IF (PW.T1(.O.fI.T-8.)~RIT[E (6,131)
889 131 FORMAf (211 1,TI0,'****ERNWO? : INVALID PHI FOR SUBR~OUTINE SBDY'

6 9k". 2.1T79,IHE)
891 I1I (.NO1I.LNF) GO TO 137
892 132 P2=Pt2-*UrNITO/RLAM
69-, VIRITH (6,300)6)

8,94 IF (LHANO) V.I?1TE (6,135) P2
b8t) I3' FORMAT (2Hl *,T1M,'NEfi-? FIELP VNITH CON~STANT RANGE R=,]'2
896) 2 T1 9, 1 H*)
89 S,- Ir ( .NOT.LIMAN() WRPITE (6,1.36) P2
b~k 130 FORMAT (2H JoIEA FIE~LD OBSE3RVATION PLANE AT Z =',FI0.2,
M99 2 T79, IH*)

Y~VI IF (LPLi) WRITE (2) P2
Yk42 PHfI =Pli /DPR

Y.",, -,cOsp=cOb(PHI!,)
W, 4 1f- (A',S(C0FP) .LT. 1 .0-5) COSP=0.

y ! SI 1P=b I N (PHI R)
906 I'll I= 180.

908 THE=P12

91 o C * CALCULATE SHADOW~ BOUNDAR~I ES ~
911 c
Y12 CALL SBIDY(MRIIA,X,XS,PUII,THI ,TH2,T-HE)
913 WR~ITE (o,138) THI,TH2
"914 138 FORMAT (2H F.,T110,'THI ='*,F8.2,SX,'1f1l2 =',F8.2,T79. IHF)
" 1 1. k1-1-1.(6,30VW6)
91c IF- MLFAr..,TLA(WITIE (6.139)
YI-i 13Y FORlMAT (211 llt'3I ,'EX'*,27X,'FY',27X,'F~',//T7,3Hi?N0O,6X
918 2,3(b)X,311iPAG,7X,2HI13,7X,51il1A5E))
y9I 9 IF(C N01(TLF.0Ii.LRAt41G)V1QI TF (6, 13Y1)
92 il 13Y1 FOIMAY(211 IJ,T2?7,'PRIN1CIPALAI !)0L1,155,--Ck0SS POL',T79
Y2 1 2,1 [M,/1214 V., 179. 1HW,/21f tqT6,5HTI4ETA, 5X
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Y22 -.2 (tX,3Hb AG,7X,2HD,7X.HPASE) -179, 1 HW, /2H *,T79, IH*)
Y2.3 P PT= ( PH1I -TA1l ) /DP I
924 SI NIPT=SI N( PPI)
Y2 t COSPY=CC '( PPI)
926 Ii-(.JjOT.LAI )G() TO 18V"
92i It- (LN) GC '10 148
928 C
929 C **SET 111 kPCTATITD GRID**

Y.3 IPiiI(3=1PIII
92 CALL (JiU )(PH I C, I MAX)

Ir ( IMAX.GF.) GO TO 142

Y35 tVII (c), 140)
Y'-6 1 4) FOAfA(21- 1,Tb,28H* PFRROR VAIAX LESS THAN 3 *,T79,1!1--)
937 -1,kI''( 6, 3 0
9ThI GO 10 3kO0
Y.39 142 I1- ( PCk) 143, 144, 144
Y4k0 143 JC=ICO
941 J MAX =IA U
Y42 ICOP=JCC
9,43 (30 TfO 14b
9,44 1 44 JC=JC()
945t JVMAX=JUG
Y46 ICOP=I(C
947 14t5 IF (LTEST) V,'RITE (6, 146) IC, I!AX,JC,JIIAX
94,b 146 kFORMAT(21! D,T5,3NIIC=,I3,5X,5HIMAX=,I2,T9,IHD/'fi r,T5.3HJC=,I

Vd4 9 2,5X,6HJMAX =,13,,T79,11f))
950 146 IF- (ULi.AND.(MP.GT.1)) (G0 TO 173

95j' PAC= IC+ 1
954 MAX=I:AAX+2
9!51.1h MI X ,AX- i
950 If- (MAX.GY.M[)EA) (30 10 1 14

1 Y integration for far field (Section 4)

1(00 1 C
1002 173 UXL=(1-IC)*ofd[)X-XMIN
1003i OXL=I)XL/RIHX
1004 DXR=XMAX-( IA1AX-I C)*CIIDX
I o5 0X1?=DXR/(3kDX

106c.IF (LTFST) VRITE (6, 175) !)Xl.,DXR
1067 17t) FURMAT(21H !,Th,5HDXL =,F6.2,5X,5HDXR =,F6.2,T79,1"D)
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Switching criterion (Section 5)

9 C *** P- I.C)F' -**

109o 182 S=IMk
I- II- ( .fO1 .LNF ) (GO 185

I oy ':I NPL=S ( I (PiI F/1)P1 )
I 1JS,9 (CSPI:=CU$( Pill -I)PI )

Ivv; IF (.NO- .LANG) ZL=P2
I i ; I II- (LiANC() I?L:=P2
I W2 I&l) 13=P.jI
I vi I F ( l.I'l ) ITl11: (0, 186) ILTAX,rJAI

I 1,4 1 8o F -l .MAf(211 I),'II ,'Ji'!L'AX =" .2 ,5X ,'N1A I ',15, T79, 1HP)
I I 13D 2 )O 4=1 ,NAI
I Io fHj1?=P3/I4)P

1 V IF (.fNOUi.I.NF) GO TO 196

I 169 *** NlEAk FIELD C)OiDIPATE COVFPSION ***

III Ir (.NOT.LPANG) GO TO 190
1112 "IIE=P3/DPR
1 11 S1 NT'E=SI I N (THE)
1 114 COS'Tf=C(;S(THE)
III 5 188 XN (I )=X CO( I )+1?E*SI NTE*COSPE
1116 XN (2)=XCO(2)+RE*SI NT:*SI PE
I -i XN (3)=XC-O(3)+IiE*COSTE
I li IF (XU( I ).NE.X..O.XfI(2) .NE.s). ) C) TO 194
II ' SI NI t-=SI NTi+ 0. (0 I
1 2 60 1O I , 8

I 1II 190 ZL=P3
1121 I1l XN(I)=X()O(1)+ZL*COSPF
1123 XN(2)=XCO(2)4ZL*SINPE
124 XIJ (3 )=Z1-
112t IF (X14( I ).ME.0..OR.X1(2).NE. 0.) GO To 194
1126 ZL=ZL+ 0. 0 1
12-1 GO TO I (y1

1 12t8 I4 ItI I-R= 'AN2 ( X N(2) X fI( I))
12Y 5I NP=SI N (PII I?)

1 13 vi COSI)- -C (PHI P)
1.J I RPt=Sol'( X[ ( I )*X ( I )+XN(2 )*X N(2 )+XN(3 )*XN(3 )

I 1I2 IF (LIL1-1 ) ibRIl- (F , 195) X ( I) ,XN(2) ,Xt(3)
13 1 IY FORMA'I (i2V,6F125)
1 134 COSI=XN(3)/IP

-I) TiH fER=AC S ( C OST)
S13o Tf IIETA=TH F R *1 PP
I i Go T() 2v,04
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1.T8 IY6 THL'iA=P',~
139 T1ik[?=THE1A/D)Pi

114V1 C
1141 20 51INT=51IN (THER)
1142 COST=COU-ITH~k)
1143 D=.,)
1144 EDY=(vi.,0.)
1 14 5 LiJZ=(0., A.
1 146 !h(.t:.~F)( ' Cl 22 7

Aperture integration for near field

(Section 6

1Ji
1338 C **SPILLOVER FIELDS FOR NEAR FIELD *
1339 L

]-440X I X N ( I-XS~l
131 X2=XN(2)-XS(2)
1342 X3=XN(3)-XS(3)
134., kHIO=SORT(XI*X+X2*X2)
1344 PH I P R= BAN2 (X2, X I
1345 PHIP=PHIPI?*DPR
1346 PS I =I TAN 2( RH0, -X3)*D PR
1 341~ RS=SORT( RIIO*RIHO+ X3*X3)
1348 PH F1 CE XP (-C J*TP I* RS ) *F/ RS
1349 CALL FEED( PSI, PHIP,PSA,PHA?,1)
13tAO CALL FPOL(EIX,EIY.EIZ,PSA,PHiGAM)
1351 El X=EI X*PHEI
Ji 52 EIY=EIY*PHEI
1353 EIZ=EIZ-APHIIF
1354 It' (LOIYI) WkITE (6,222) EIX,EIY,EIZ
1355 222 FORMAT(211 O.T15,5HEIX =,2EI0.4,5X,5HEIY =,2EI0.4.5X.5HEIZ =
135o 22E 10.4,179, 11O)
1357 C
lj~jb C ***OUTPUT RECTANGULAR COMPONENTS FOR CONASTANT Z N'E.AR FIELD *
I35 Cts
1300) ELDX=EDX+EIX

13ci 1EDY=E[Y.EIY
13o2 WDZ=E)Z+EIZ
1363 224 It- (LRANG) GO TO 225
1364 CALL DBPI5(AF9X,FIX,O.)
I 3ot) CALL I)BPH,5(AEI)Y, ELY,0. )
13oo CALL 1)RPHS(AEDZ,FDZ.V.)

Ik (L16I-/IR~1 (6.226) P3,AEI)XEDX, AHDYED)YAEDZ,E)Z
1308 22o FORMAT(2H W,T5,F0.I,4X,,3(E1A.3,2F10.2))
1309 PLT=AEIDZ
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I .J'/O GO TO 249 1
I 5,1 1 Q.) H)Th1'CUS* C CUSPI*EDX+S I NjP* -9 1 -SiT*EPZ7
I3-12 EDP=-S IN P*E!)X+COSI)*EDY

GO TO 2 42

IX-integration for far field (Section 7)

1431) C
14-'- C **SPILLOVIE-R FIFILDS FOR FAR FIELD **

14 3 - C
1438 PHIP=PIII
14'-Y PSI=I 180.-TIIETA

I 44LAPSIR=PSI/L)Pk
1441 SINS=SIN(PSIR)
1442 COSS=COrl-(PSI R)

1443 ~CALL tfELD( PSI ,PIIIP,PSA, PHAX)
1444 CALL FPCL(E:IX,E-IYEIZ,PSA,PHGCA !)
144t) EIT=-COSS*COSP)*E'IX-COSS*SINP*EIY-SINS*EIZ
1446 EIP=-SINP*EIX+COSI'*EIY
1 44-1 PHEI=C[-*XP(CJ*TPI*ZO*(COST'I)*F*RFCT
1 448 EIT=EIT*PIIEUI
144Y EIP=EIP*PHEI
1450 EDT=ED)T+EIT
14t51 EDP=EIJP+EIP
1452 C
145-* C * PRINCIPAL AND CROSS POLARIZED CO1PPONENTS FOR FAR F.IELD *

14t)4 C AND CONSTANT RANGE NEAR FIELD)
1455 L
145c) 242 IF (L-TEET) VNRITE (6,243) ACOSP,COSP,SIIUP,E-7lT.ErDP
145-1 243 FORMAT (1W0,3F12.4,/TI0,'ED)T =,',2H-2.5,5X,'EDP =',2F12.5,/)
1458 TMT=LEI)T
1459 EIDT=COSPT* EDT-SI NPT*EDP
I 40o EDP=SI tNPI*TL'I'+COSPT*VDP
14o1 IF (.NOT.LCP) GO TOQ 245
1462 TMT=EDT
14o3 EDT=TEM2*(FDI-%J*E)P)
1404 EL)P=ITEM2* ('01 +CJ *ED)P)
I 4c)5 24s) CALL I)BPHS (AIJ*Df, EIT, RFF)
14C6 CALL [)BPHIS(AI3T),EF-DPRkF-F)
1467 IF (LTF.71) 11HITF (6,195) PII,TA1J,COSPT,SINPT
1466 IF(LVI1I7IE)W1ITEU (6,24ti) P3,AE)DT,EI)T,Aim.TP,EflP
14o9 248 FORMAT(21- I1,T5,F6.1,4X,,2(PcIO.3,,21-10.2),T79,Hbll)
1 410 PLT=IAL(EDT)
1471l 249 CONTINUE
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4"12 IF (LPLI') WRITE (2) PLT
1473 P3=P3+)P3
1414 2bY CONTINUE
147t) NGTD=NT-NAI
14"16 IF (NGTD.LE.0) GO TO 270
14 ii THI2=NAI*DP3+P31
1478 2b! CONIINUE
14-iz IF (LTEST) 'kITE (6,260) NT,NAI,NGTD,THI2
1480 2o$ FORMAT(2H D,llo,3110,,3FI0.3,T79,1HD)
1481 IF(.NOT.LGTD)GO TO 270
1482 IF(LTESl'0R.LDEBUG)NTEST=2
14b. C CALL GTD(THI2,NGTD,NAI,DP3)
1484 210 CONTINUE
148t GO TO 3000
1486 272 WRITE (6,275)
148- 275 FORMAT(2H E,T8,'** ERROR 2 DECLARED DIMENSION EXCEEDED',T79,

111E)
14b8 GO TO 3000
1489 285 hRITE (6,290)
1490 29V FORMAT(2H E,TIO, '***ERROR a INPUT PHIN(S) OR PHIN(NPHI) '

1491 2-'INCORRECT ***,T79, IHE)
142 GO TO 3P,(]0
1493 END
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SECTION 1. RELATIVE POWER RADIATED BY FEED

PURPOSE

To calculate the relative power radiated by feed using the input
feed pattern data

METHOD

The relative radiated power from the feed is given by

Prad = 0w0fi g2(,'*)sin*dod#

where

g(*,)= gp() +# gQ()#p-#Q #p-4Q

is obtained by linearly interpolating the input feed pattern gp and gQ
in the two planes #p and #Q adjacent to #.

Since the feed pattern g(*,#) is piecewise linear between two
input PHI planes, the integration over # reduces to a sum of integrals
as

SPHI = N #P ij g2 (*,#)sin~dsdi
1 *Q o

whereINM z N PHI if IB=O (no synmmetry)

NPHI - I if IBtO (with symmetry)

and *D and *n represent the upper and lower bound for each subregion.
NPHI s the Number of input feed cuts and IB is the absolute value of
the symmetry index.

The integration over * can be carried out analytically which gives
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NM

SPHI -- s=si

where

SF'si = Jw (g2+g2+g gQ )si n~d
0 P QP

which is carried out numerically by using the trapezoidal rule.

Then the relative radiated power is given by

SPHI IB=O
Prad 2SPHI IB=2 or 3

r 4SPHI IB=l

The relative power radiated is used for the purpose of calculating the
far field results in antenna gain when the range factor e-JkR/R is sup-
pressed. This is done through the variable REFDB as given by

REFDB = 10 log 42x2

F2 Prad

which is calculated later in the main program and used as input to the
subroutine DBPHS.
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KEY VARIABLES

DELI Angular increments for numerical integration
over *

GFP (gp(*)) Calculated feed value in the plane fp at angle *

GFQ (gQ(W)) Calculated feed value in the plane *Q at angle 0

IB Absolute value of the symmetry index (see User's
Manual)

NM Number of integration regions over *

NPHI Number of input feed cuts

PHIP (Op) Upper input PHI cut adjacent to

PHIQ (*Q) Lower input PHI cut adjacent to *

PRAD (Prad) Power radiated from feed

PSI () Theta coordinate angle of the observation direction
referred to the feed axis

SPHI Sum of numerical integration over #

SPSI Sum of numerical integration over *
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CODE LISTING

648 C
049 C **CALCUI.AIE POW'ER RADIATED 13Y FEED *

00C
651 bO IN=181
o52 DELI=Pl/(IN-1)
053 SPHI=0.
654 It; (IB.E:Q.0) N'A=NPHI
ol 5- IF (I!3.lE.0) NM=NPI--
050 IF(LTES1.OR.LDEBUG)NTEST=1
o57 DO 94 NC=I,NM~
658 NP=NO+1

otiq IF (NP.GT.NPiI) NP=1
oo PHIO=PfiIN(NO)+0.001
661 PHIP=PHIN(NP)-0.O*~1
662 PSIR=O).
66.3 SPSI=0.
004 DO 92 11I,IN
065 1 F(I .EO. 4) NTEST=oi
060 PSI =PSI R*DPR
007 CALI. FEED(PSI,P-II,PSA,PHGPMi)
008 GFQ=GF
669 CALL tEED(PSI,PHIP,PSA,PHGAM)

6-10 GFP=GF
07 I FI=GFU*GFO+GFP*GFP+GFQ*GFP
o72 IF (I.EO.1.OR.I.EO.IN) FI=FI/2.
o73 SPSI=SPSI+FI*DELI*SIN(PSI?)
6-14 PSIIPPSIR+)ELI
o75 IF(NTEST'.EO. 1)VRITE(6,90)PSIR,SPSI
o7o , FORMAT(2H *.112,'IpSIR?=',F7.2,5X,'*SPSI=#,FIO.3,T79, Ili*)
6j-1 92 CONTINUE
o78 NTEST=O
6-19 DPHI=(PfiIP-PHIQ)/DPR
680i IF (DPHI.LT.0.) DPHI=DPHI+T'PI
681 SPHI=SPII+SPSI*DPHI/3.
082 94 CONTINUE
68-' PHAD=SPHiI
o84 IF (I1$.E0.2.OR4.1F3.E0.3) PRiAD=2.*PRAD
685 IF (IB.LO. I) PRAP=-,.*PRAr)
080 KRITE (0,95) PIRAD
087 95 FORMAT(2H- *,710J,6PIAD. =,E10.3,,T79,I!!*)
088 PsI T*=TFY-P

44



SECTION 2. RIM POINT CALCULATION FOR CIRCULAR APERTURE

PURPOSE

To calculate the rim point coordinates of a circular aperture.

METHOD

For circular reflectors, the rim points are not input as they are
for noncircular rim shapes. Instead, the diameter of the aperture (D)
and the y-coordinate of aperture center (Yc) are input.

The coordinates of the rim points of a circular aperture are then
calculated as follows:

First an approximate value of the number of rim points is
estimated by

NRIM(APP) = Int(wD/RIML)

where

Int(X) means the integer value of X,

D is the diameter of the aperture, and

RIML is the reference length of each rim segment.

Then the actual value of NRIM is obtained by adjusting the estimated
value such that NRIM is a multiple of 4 and is given by

,,tNRI(APP)
* NRIM = 4  4nt( 4"

This adjustment is done for the purpose of having symmetrical rim
segments.

To maintain approximately the same aperture area as the original aper-
ture, the polar distance of each rim point is determined by taking the
average polar distance to the corners of an inscribed regular polygon
and a circumscribed regular polygon to the original circle, thus the
polar distance

T(cosG))'

where a is the radius of the circular aperture and
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= 2-

S=NRIM

The rim points are then calculated by

XRIM = AA cOSoen

YRIM = AA sin~en + YC

where

en= - )A n-l ,.3.- ,NRIM

and Y is the y-coordinate of the aperture center.
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I

I KEY VARIABLES

A (a) Radius of the circular aperture

AA Polar distance of each rim point

D (D) Diameter of the circular aperture

DELP (AO) Sector angle associated with each rim segment

NRIM Number of rim segments

PHE (Oen) Polar angle of a rim point

RIML Reference rim segment length

rRIMS X and Y coordinates of rim point ME

YCM (Yc) Y-coordinate of the center of aperture
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CODE LISTING

716 C
717 C * CIRCULAR h'IIA SECTION**
718 C

/12o tNIM=4*((NPIM+2)/4)
721) IF (NI UM.LT. 16)lH? I14= 16
722 IF (14RIP.OT. WL'k .P.) N P PA=HIr? I Ii

./24 100 FORMAT(21- *,'i 10, 'r:MPBFIRO 01IMP SEG'4ENTS=1, 13.T79, 11 *)
125 WkT(6,300o)

726 kIML=-I.
127 DELP=2.*PI/NRIM

12h PHE=k). 5*[)ELP
729 C!!! USE THU AVERAGE RADIUJS TO COMIPUTE l?1W POINTS FOR CIRCULAR REF

L.
AA=0.5*A*( 1.41./COS(PHiE))

I - -11)0 102 NE=I,NI;M
732 RIMSQ~r., I)=AA*COS( PIE)
7-,3 RIMS (NL,2) mAA*SI M(PI-E)+YC.1.

4 ~PHE=PIHE+PELIP
7I3 h 102 CONTINUE

-IJ6 WITL(6,3006)
I - -1IF ([xGi'.0.) WRHITE (6,103) D,YC

i ki 103 FORIAT'(21i *,T1V,0APERTUlE rIAM -IEl =,'.F9.2,' ;MAVELENGTHS',T>X

/..) 2 111*,1211 *,T(/9.Ilf*,/21 *,TIO, 'APERffURF CENTER AT (i. ,',F7.2.'

/40 If/9 I*)
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SECTION 3. APERTURE FIELDS

PURPOSE

To calculate and store the aperture fields on the principal
rectangular grid. IZI

I APERTURE

PLANE

Ro

Figure . Coordinate system for the aperture field.
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METHOD

The coordinate information for the aperture field is defined by
the point of reflection on the reflector surface with coordinates X,Y
as shown in Fig. 1. Thus

tan-1

P fX-2+ y2

Z= F - P2
4F

R'= Jp2 + Z.2

and

= tan-l Z

Let the vector incident feed pattern in the direction (p,€) be of the
form as

T 0 fe + 0' fo

where f. and f are the feed pattern values calculated in subroutines
FEED and FPOL. The reflected field pattern from the parabolic surface
is given by

r fe- ' f*

Its corresponding rectangular components can be expressed as

fr = coso'fo + sino'f,

f = sino'f 0 - coso'f

The aperture plane is defined as the plane perpendicular to the Z-axis
and passing through the rim point Po(Xo,Yo,O) with the greatest distance

bGi



£ p from the Z-axis. The aperture field at the point P(X,Y,O) on the
aperture plane is given by

-jkR°

Ea=F frEx x --#

I and
-jkR

oI Eay=Ffr e

y y

j where F is the focal distance.

For any grid point (XMYN), the X and Y components, Exa and Ea of
the aperture field are calculated by the above two equations. By Yoop-
ing through all the horizontal and vertical qrid lines, a two dimen-
sional array of the aperture fields is set and stored.
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FLOW DIAGRAM

Aperture field calculations

Loop through all vertical grids
MI, MAXO

Loop through all horizontal grids~N=I, MAXO

Calculate the coordinate parameters
PHIP, RHO, ZP, RP and PSI for the
grid point (XM,YN)

Calculate incident field by calling
subroutines FEED and FPOL

Calculate and store aperture
field components EA(I,M,N)
and EA(2,M,N)

Continue
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1.

KEY VARIABLES

EA(l,MN) (Ea ) X component of the aperture field at grid point(XM,YN)

EA(2,M,N) (Ea) Y component of the aperture field at grid point

(XMYN)

EIP (f) PHI component of feed pattern

EIT (fo) THETA component of feed pattern

EIX X component of feed pattern

EIY Y component of feed pattern

EIZ Z component of feed pattern

ERX (fr) X component of the reflected field pattern

ERY (fr) Y component of the reflected field pattern

M Index of vertical grid line

N Index of horizontal grid line

MAXO Maximum number of horizontal and Vertical grid
line

-j kRo
PHSEA (e Phase factor of the aperture field

PHIP (') PHI coordinate of grid point (XMYN)

PSI () THETA coordinate of grid point (XM,YN) measured
from the negative Z-axis

RP (R') The distance from the focal point to the
reflection point

XX (X) X-coordinate of the reflection point

YY (Y) Y-coordinate of the reflection point

ZP (Z') The projected distance of RP on the Z-axis
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CODE LISTING

b22 C
t$2 C c * CALCULATE APERTURE FIELDS *
b24 C
b2t) Du 120i M = 101X0
82o I=M-I1

82-1 XX=(I-1c0)*GklrX
b2b IF (L-NF.AN'. (M.F0. I)) XX=XMIN
82 9 IF (LNFZ.AN. (M.EO. (MIAX+I ) XX=X!AX
830 [DO 120 t.=I .14PX0
831 J=N-1
832 YY= (J-JCO) *(3fdI)Y

8-. >PllIPR=IfiAN2(NY,XX)
834 PHI P=PHIl PR*1)P
8 3 -.) HO=SORY( YXX* YX+YY* YY)

8937 ZP=F-iOtQ/(4 .*F)
836 kHP=S0HRT(RUS0+ZP**2)

PSI H=BTA.1-2 (Id0,Z P)
84 VPSI =PSI k*1)PI
d~l CALL k-Er)(PSI,PHIP,PSA,PHGAi)

642 CALL kPL(EIX,EIY,EIZ,PSA,PO.AMi)
843 SINPP=SIN(PiIPi?)
844 COSPP=COSL( PfIP)
845 SI NS=SI N(PSI R)
846 CoS=C0,s(PSIR)
847 EIT=-CO S*COSPP*EIX-COS*SI!iPP*EIY-Sl!'S*EIZ
84b EIP=-SINPP*EIX+COSPP*EIY
849 NTEST=0

850 ENX=COSPP*EIT+SI NPP*LI P
851 ERY=SI NrPP*El l-COSPP*EI P
852 EA( I,M,N)=F*FRX/HP*PfHSEA
85-, LAI=EA( I ,M)
854 CALL )BPHS-(EIEA 0.)
85t) EA(2 ,M,P)=F*EIY/RP*PHSEA
850 EA2=EA(2,lA,N)
b5-1 CALL DFPI-S(A2,A2,0.)
858 IF (.NO'1'1EUr)) c;o TO 120
859o IF (M.LE.MVO.AND).N.LE,I7T0) ',%'ITE (6, 118) MA,I!,EAI ,!A2
860 118 FORMAT(21i r,Tl5,215,,dFl0.2 ,T79,1VDP)
861 120 CONTINUE
802 121 CONTINUE
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SECTION 4. Y-INTEGRATION FOR FAR FIELD

PURPOSE

To numerically integrate the aperture fields along the
rotated *-grid lines.

4UPPER RIM

J .

, /s

Y LR M

LOWER RIM

Figure 1. Geometry of y-integration for
far field.
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METHOD

The y-integration along the rotated grid line (M) as shown in
Fig. 1 is represented by

YSUM(M) = JyUR Ea dy
YLR (1)

where YLR and y correspond to the intersections of the grid line (M)
with the lower Ad upper rims, respectively, as shown in Fig. 1 and El
is the aperture field distribution along the grid line.

To determine these intersection points, the x-coordinate of the
grid line (M) is compared with those of the rim points until a rim
segment is found such that the x-coordinate of the grid line (M) is in
between those of the two rim points of that segment. Then YLR or y R
is obtained by solving for the intersection point of the rim segmen
and the grid line (M).

y

0

J E (Mx,N )

/ / E(J)

0-0

-dx- -

Ma Mx+I M I +I

Figure 2. Geometry for Interpolation of aperture field.

56

__ __ _ _ _ __ _



In order to carry out the y-integratlon In Equation (1) the aperture
field Ea is calculated by interpolation from its stored values corre-
sponding to points on the principal rectangular grid. The geometry for
interpolation is shown in Fig. 2 where the rotated grid line l=M-1 inter-
sects the horizontal grid line N=J+l at the point with principal grid
coordinates (XoY The principal grid coordinates are related to the
rotated grid coordiates by

Yo = (J'Jc)dy cos# (2)

and

Xo : x - YO tanf (3)

where

x = (I-IC)d x  .

The principal grid coordinates are then used to determine the
integer value Nx for the nearest principal vertical grid line to the
left of the point (Xo,Y o) with aperture field E(J) as shown in Fig. 2.
Thus, interpolation yields the aperture field at the point on the rotated
grid as

E(J) = ( - Ea(Nx,N) + AX Ea(Mx+lN) (4)

where Ax is the displacement of the aperture field point from the
vertical grid line (Mx).

Let JL and JU represents the indices of the lower and upper grid
lines closest to the intersection YR and YUR inside the aperture
respectively. If JU-JL_1 , Equation 1) is approximated by

YSUH(M) - (YUR-YLR)EJu . (5)

If JU-J>l, the y-integration is divided into three parts as shown in
Fig.-3. Using the subaperture method, the middle part YSM is given by

JU-I

VSM = I E(J) (6)
JL+5
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The lower part of the y-integration consists of the contribution VSL
from y to the (JL+I) grid line and the upper part consists of the
contriltion YSU fFom the (Ju-1) grid line to YUR

The contributions Y1 from the upper part is given in terms of
the aperture field values-, = E(JU) and fEU = E(y=yUR) as shown in
Fig. 3. The edge value fE=f Eu is calculated by linear extrapolation
from

fE = fl + (fl'-f) 4 (7)

The contribution YS!, from the lower part is obtained in a similar way.
Thus both contributions can be represented by

YsdY= 1 dyfl 1  .yf f+ Ay fE (81 (8)

Substituting Equation (7) into Equation (8) and simplifying terms yields

SL=1 + ) E(JL) - 2 E(JL+] (9)

and

= 1 +~ ~)EJ)-(AU E(Ju1) (10)

Thus the y-integration of Equation (1) can be calculated from

YSUM(M) = (YSL+YSM+YSU)dy (11)

In general, the aprture field can be decomposed Into x and y components.
Thus two y-integration sums YSUM(l ,M) and YSUM(2,M) are obtained by
carrying the y-integration for each component respectively, i.e.,

YSUM(IM) YUR Ea dy (12)
SUMOA 1YLR x(2

and

YS= fUR Ea dy (13)
fYLR y
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IP

FLOW DIAGRAM

y-integration for far field

Loop through all rotated grid lines
M=-l, MAX

De.rmine and store
the y cnordinate of the intersection of the
lower (YLR) and upper (YUR) rims and
the grid line M.

( the indices JL and JU for the horizontal
grid lines inside the projected aperture
closest to YLR and YUR, respectively.

( ) the distance DYL(DYU) from the grid
JL(JU) to the rim YLR(YUR) along the
grid line _

- YES

NO

Calculate aperture fields along the
rotated grid line MI by interpolating
the adjacent principal grid aperture
field values

t 
sJ-L>?>-NO

YES C a t e Y S U M
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Calculate middle sum YSM

Calculate lower sum YSLand upper sum YSU

Calculate and store YSUM

tue
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KEY VARIABLES

DYL (AYL) The distance from the horizontal grid line JL
to the lower rim along the rotated grid line M

DYU (AYu) The distance from the horizontal grid line JU
to the upper rim along the rotated grid line M

E(I,J) X component of the interpolated aperture field
on the rotated grid

E(2,J) Y component of the interpolated aperture field
on the rotated grid

EA(I,M,N) (Ea )  X component of the aperture field at grid point( X4, YN)

EA(2,M,N) (Ea) Y component of the aperture field at grid point

(XM,YN)

GRDX (dx) Grid size along the X-axis

GRDY (d y) Grid size along the rotated Y-axis

GRIDY (Dx) Grid size along the principal Y-axis

IC Vertical grid line index of the origin of the
reflector coordinate system

JC Horizontal grid line index of the origin of the
reflector coordinate system

JLO (JL) Index for the horizontal grid line inside theprojected aperture closest to the lowe- inter-

section point on the grid line M
JUO (Ju) Index for the horizontal grid line inside the

projected aperture closest to the upper inter-

section point on the grid line M

MAX Maximum number of rotated grid lines

MX Index of vertical principal grid line

QDX Normalized distance from the integration point
to the vertical grid line M

QYL Normalized distance from the lower rim to the
grid line JL
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I'I

QYU Normalized distance from the upper rim to the
grid line JU

XO (Xo ) X-coordinate of the integration point in the
principal grid system

XX (X) X-coordinate of the integration point in the
rotated gird system

YLR (YLR) y-coordinate of the intersection of the grid
line M and the lower rim

YO (Yo) Y-coordinate of the integration point in the
principal grid system

YSLX X-component of the lower sum of the Y-inte-

gration

YSLY Y-component of the lower sum of the Y-inte-

gration

YSMX X-component of the middle sum of the Y-inte-
grati on

YSMY Y-component of the middle sum of the Y-inte-
gration

YSUX X-component of the upper sum of the Y-inte-
gration

YSUY Y-component of the upper sum of the Y-inte-
gration

YSUM(IM) X-component of the total sum of the Y-inte-
gration for grid line M

YSUM(2,M) Y-component of the total sum of the Y-inte-
gration for grid line M

YUR (YUR) Y-coordinate of the intersection of the grid
line M and the upper rim
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CODE LISTING

9yA C ** Y INIEGHThrICt F-OP -AR FIELP *

Yt9 C
Yti) DO 1721 M=lMAX

Y61 I1=.-I1
902 XX=( 1-IC)*;I?)X

I~ tk- (M. F0.I )XX=XAI *
Y64 IF-(.CAX XX=X.'AX
9o0I- IF (M. L U I) G~O T0 150I

Y60 ~IF ( XX.LH-.Xl.KI) GA) '11'(

968 IF (K.GL.NLlP) G. 0 TO 1.
909 XLK=Cl-llM ( K, 1)
9-1 XLKP =CI.Q I M(K+I 1 I
97/I IF (XX.CT.XLi(P) GO TO 150

Y12 YLK=CLRUM(K,2)
Y7 -' YLK 11=Cl-iI M(K+I1 ,2

9 /4 It- (LD)EHRt;) *VWITF (6,152) K,XLK,XLKPYLK,YL-KP
Y1 lb 15t2 I-Okl.dAT(2H !D,Th ,3HKf =,12,S)X,5I!XLK =,F6.2.5X,(6HXl-KP =,F6.2,
976 25X,5fHYl-K =,f:6.2.5X,6PYLKP =,F6.2,T79,J-D)

yol ITL:APi=( YLKP-YLK )/ (XLKP-XLK)
Y78 i5)3 Yl-i(MA)=tl-i(+TIFP.P*(XX-XLK)
9719> JL (M ) =(YI- M )(;f)Y)4JC+,. -)Q
98VI I t (M.L0.1 ) (30 TO 154
9b1 It- (XX.Lf-.XIIKP) GO TO 158
Y62 P)4 L=L+I
yb _ IF GOG.Il?~ 3 TO 158
984 XUK=CilkIIh((L., I )
985 XUKP=CUkdM.(l-+ .1)
980 I r ( XX. GT. XUKP) (30 TO 15 4
987 Y U K=CUkI V ( L. 2)
9U.3 YUKP=Ct'WIM(1.+I1 ,2
989 IF (LDE[,U(;) VJUTF 6L,X!JK,XlJKP,Y!JK,Y!JKl
990 156 FORMAT(2fl 1D,Th,3HL ,5IllK =,F62,X,6-'XUKP =.F6.2,
991 25X,5IIYUK =,-.,SP. o.2 J79,I PD)
Y92 TFhNP=(YUl(P-YtJ')/ (XUKP-XUJ..
Y93 158 YU[((M)='rJKTENP* (XX-XUK)
YY4 JU (IA4 )=00~I1? ; /;?) )J+* (

99 t)IF (JU(1-).LI.JL('A)) JU(1)=JL(3I)
90 IF (LHLX AiITF (6,16(,,) L),Y()L(),Yf?)

9918 MIY, If))
999l I.YL=(JL (M )-JC )*(;(.P[Y-YI lA)

I (oi k OYL(M )=IYL/(;IidY

1 0162 OYU ( MA) =)YU/(31?l)Y

I M15 0j F-ORMAT (2I59VFI10.4)
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I ocoIF (0vM.FO. l.CR.PA.E0.MAX).!?.L1r) '00 TCl 172
1 (4 -1 GLJY=GkM)*ACOSI'
1008 JLO=JL(k)

1 ot. y JUo=JU (IV,)
10 V DO W)~ J=JLOj,J'dO
1011 IF CNKN~1 O TO 162
1 o12 E( I ,J)=(V.. .0.)

10 14 GO -10 NoS
1 1 t) 162 Y0=(J-JC)*lI)N
I I l XX=(I-)*IA
1017 XO=XX-YO*TANP
I0 lb I X= XO/GIf)X+ IC OP
IoI IX=FIX
1020 IAX= IX+ I

* 1021 ODiX=i-IX-IX
1022 N=J+ I
10J2-1 E( I ,J)=EA( I hl'X,.N)*( I .- 0)iX)+EA( I .,k4X+ i .t nr)X
1024 P2),J)=FA(2,X,N )*(I .- (DX)+A(2,MX+1N) *)X
102 t IF (LDFUCj() V-QITE: (6,164) J.FE( 1,J),E(2),J)ODX
1020 164 FOHMAT(2H fD,110,5FI2.4.779,I1-ID)
102-1 165 CONTINUE
102h II- (JIIO-JLO.G;T.1 ) GO TO 16F-
1022v Y SU M( I , P ) =(Y U k(M) -YL R (..'A E( I ,J U 0)

103fo YSUM (2, ,,) YUR (M -YLR(M )* E( 2, J1)
I e) I I F (1-v\YSUM) M\RITE (6, 166) .. YSU.',(I ,M).YSI I~(2. V)
1 2 160 FORMAl (2H- D,15,8E10.3)

I GO) To 1-12
1 0-:l I 6r' CONf (W~iE
I WIu
I 0 3C 6*c CALCULATE YSM**
103-i c
1038 JF=JUO-l

1039 JI=JLO+l
1040 KMv=JF-Jl+l
1041 YM=O,.

10,42Ysmy=(0.,0.)
104:3 DO 170 KJ=1I,.KP

10,44J=KJ+J I-I
1045 YSMX=YSt!X+E( I J)
1046 YSMY=YS Y+E(2,J)
1047 170 CONJTINUE
104lb C
1 04 1. C *** CALCULATE YSL AND YSI!**
I otAu C
1051 YSLX=(E(I,JLG)*(OYL-(M)+I.)**2-E(I,JLO+1)*OYLCMA)**2)/2.
IOt)2 YSLY=(E(2JI.O)*(QYLC1)+.l.**2-E(2,JLO+1)*OYu-M)**2)/2.

lo )3 YSUX=(E(I,JUO)*(OYUM.1.)**2-1E(1,JUO-1)*OYU(M)**2)/2.
1054 YSUYC(E(2,JUO)*(OYIJ(M)+.)**2-F(2,JIJO-1)*OYU(Ai)**2)/2.
1055 YSJM ( I ,Mh)= (YSI.X+YSMX+YSUX) *GPDY
1050 YSlUM (2 ,M )= (YSLY+YSMkY+YIJY) *G0f)Y

105, IF- (LVNYSIJM) WRITE (6,166) M-,YSLX,YSMAX.Y UX,YSJ.'A(1,'A)
* I1 658 IF (LFIY'S:UM ) INR~ fF (6,166oo) W , YSL-Y YSt1Y, YSUYYSli? (2, 'i)

i 05S, 172 CONTINUE
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SECTION 5. SWITCHING CRITERION FOR AI AND GTD

PURPOSE

To calculate the switching criterion between Al and GTD in the
near field or far field computation.

p -Aw

/1\ X__ APERTURE
A/ - OF REFLECTOR

G DGTD

Figure I. Geometry for switching criterion
between AI and GTD.

f THOD

The angle criterion which is used for the near field as well as
the far field, is defined as

= sin-1

where Aw is the aperture width in the specific pattern cut. Thus Al is
used when O<e<ex and GTD is used when o>ex .

The range criterion is used solely for the near field and is
defined by
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Zx Aw
2tnx

as shown in Fig. 1.

The usage of the above criteria for near field computation is
summarized in the floW diagram as shown below.
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KEY VARIABLES

AW (Aw) Aperture width in the specific pattern cut

P3X Variable representing the switching criterion

THETAX (Ox) Angle criterion in degrees

THEX (Ox) Angle criterion in radians

ZX (Zx) Range criterion
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CODE LISTING

1008 c
1069 C **SET UP SWITCHING CHIIfF'RI(N *

10,11 P3X=p.3F
10172 IF (dlJOT.LGT-D) 60 TO 179
I1073 THEX-THETAX/DPH
I (J-1 4 TAtIX-TAI (EX)

107t) IF (ZX.UI....ANV.THE1AXzJT.0.) GO TO 177
10-06 AW-UHOS( I)-HHiOS(2)

10.77 THEX-ASIN( I./SQWU(AW))
10-18TANX-TAN (TIEX)

1079 IF (LNF.AN[). (TANX.f.E.(?.)) ZXm-7.5*AWf/TA1FX
10 Iv80 THETAX-THEX*DPW
10~81 177 P3-TIIETAX
10382 IF (.NOT'.LIJF) GO TO 179
Iob3 Dr- (P2.Ll*.ZX) GO TO 180
1084 IF (LWANG) GO TO 179
1085 P3X-P2*IANX

1087 IF (NT.UI.NAI) NAI-t4T
1088 IF (NAI.GT.0) Go To 182
108b9 180 NAI=0

logo NGTW=JT
1091 THI2=P31
1092 GO 0 2 5
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SECTION 6. APERTURE INTEGRATION FOR NEAR FIELD

PURPOSE

To numerically integrate the aperture fields for near field cal-
culations and express the field in rectangular components.

UPPER RIM

loyI

.1L

LOWER RIM

Figure 1. Geometry of y-integration for near field.
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METHOD

For aperture fields with arbitrary polarization having both x and
y components, the near field can be expressed as

kK aJ 1F ayE; eiJks dx dy (1)

where FX and F are the vector element patterns for the respective x
and y componen~s (Ea.Ea) of the aperture field.

By integrating numerically Equation (1) can be expressed in a sum of
series form as

f FMEM + FYMNEYMN] F RS eS (2)

where -FXMN and FYMN are the vector element patterns of the equivalent
aperture currents. These are assumed to radiate the same polarization
as a Huygen's source and thus the vector element patterns are expressed
in rectangular coordinates as

FXMN = {x[l+(coseBqN -1 )COS #M]

+ ;(cosoMN-l )sinfMNcos#MN

-z sineMcos*MI CO( 2 )

={x Cx + y Cxy - z Sin8t4Ncos#DfN)ELPAT (3)

FYMN (x(cos6MN-l)sin#MNcOsfMN

+ ;[l+(coseNN-l)sin #MNJ

- z siner.4sin#14NJ 2o"!)

Z {x C xy + 31 Cyy - z sinSMNS'n#MN)ELPAT .(4)

The fields Ea -Ea(l,M,N) and Ea -Ea(2,M,N) are the X and Y components
of the apert6PM field sampled alhe points (XMYN) on the principal
grid. The basic pattern FRS of each rectangular subaperture is given by
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FRS a DXDYFXNFYN (5)

where FXN and FYN are the horizontal and vertical element patterns of
each rectangular subaperture. The typical element patterns for a
basic subaperture with full triangular distribution are given by

Ox 2
x sin O

FXN= o 1 (6)
2

2

(sin a )

FYN s 0 2_on (7)

The angles e and i are the polar coordinate angles to the near
field point TYMZ as referred to the aperture point (XM$YN). The
distance S in Equation (2) is given by

The swumations over N in Equation (2) are performed over the
vertical grid lines; a typical vertical grid line is shoWn in Fig. 1.
The y-lntegratlons given by Y-SUM) are calculated in a similar way
as that for the far field (sqe Section 4) as expressed by

YSUM(M) = (YsL+YsM+Ysu)Dy (11)

72



for each rectangular component of the near field. However, the vector
element patterns in Equations (3) and (4) for the equivalent aperture
currents and the element pattern functions FRS in Equation (5) for the
rectangular subaperture must be included for the near field. For sub-
apertures near the rim, the elemant patterns F and F1 in Equation
(5) are expressed by the pattern of a half trligular Mstribution
(see Section 6).

The summation over N in Equation (2), i.e., the x-integration
part, is just a simple sum of YSL#'s as

MAX
SUM = Dx N I: YSUM(M) (12)i.

for each rectangular component of the near field. Then the near field
jat point (x,y,z) is obtained by

(SUMxx + SUMYY + SUZ ) (13)
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FLOW DIAGRAM

Aperture integration for near field

Cal ml esunYS

_ Loop through all principal vertical

grid lines M=l, MAX

Y~ ,c
ES l aluaeYU I

Calculate middle sum YS

and upper sum YSU

Calculate the total contribution
YSUM along grid line M

Calculate the partial sum of the
x-integration by adding YSUM
for grid line M
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KEY VARIABLES

Cxx X component of a X-oriented Huygen's source

CXY X component of a Y-oriented Huygen's source
or Y component of an X-oriented Huygen's source

CYY Y component of a Y-oriented Huygen's source

DPX (.x) Horizontal phase argument of a basic sub-
aperture

DPXL Horizontal phase argument of a subaperture at
the left edge

DPXR Horizontal phase argument of a subaperture at
the right edge

DPY (4y) Vertical phase argument of a basic subaperture

DPYL Vertical phase argument of a subaperture at
the lower edge

DPYU Vertical phase argument of a subaperture at
the upper edge

EA(I,M,N) (Ea) X component of the aperture field at gridpoint (XM,YN)

EA(2,MN) (Ea) Y component of the aperture field at grid
y point (XM,YN)

EAL Interpolated aperture field at the lower rim
point along grid line M

EAU Interpolated aperture field at the upper rim
point along grid line M

EDX X component of the computed near field

EDY Y component of the computed near field

EDZ Z component of the computer near field

ELPAT Element pattern function for equivalent
aperture current

EXPI Phase term for the leftmost grid point inside
the aperture

EXPL Phase term for the leftmost rim point
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EXPM Phase term for the rightmost grid point inside

the aperture

EXPR Phase term for the rightmost rim point

FFXN (FXN) Horizontal pattern function for a rectangular
subaperture

FFY Vertical pattern function for a basic rectan-
gular subaperture

FHYM Vertical pattern function for a basic rectan-
gular subaperture with a half triangular
distribution (negative argument)

FHYP Vertical pattern function for a basic rectan-
gular subaperture with a half triangular
distribution (positive argument)

FYM Vertical pattern function for a rectangular
subaperture at the edge with a half triangular
distribution (negative argument)

FYP Vertical pattern function for a rectangular
subaperture at the edge with a half triangular
distribution (positive argument)

GRIDX (D l Horizontal grid size in the principal gridsystem

GRIDY (Dy) Vertical grid size in the principal grid system

JC Horizontal grid line index of the origin of the
reflector coordinate system

JLO 00 Index for the horizontal grid line inside the
projected aperture closest to the lower inter-

section point on the grid line M

JUO (Ju) Index for the horizontal grid line inside theprojected aperture closest to the upper inter-

section point on the grid line M

MAX (MMAX) Maximum number of vertical grid lines

MC Vertical grid line index M of the origin of
the reflector coordinate system

PHIRN (¢MN) PHI coordinate angle of the near field point
XN as referred to the aperture point (XM,YN
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QDX Normalized distance f n the integration point
to the vertical grid line M

QXL Normalized distance from the leftmost rim point
to the first vertical grid line inside the
aperture

QXR Normalized distance from the rightmost rim point
to the last vertical grid line inside the
aperture

QYL Normalized distance from the lower rim to the
grid line JL

QYU Normalized distance from the upper rim to the
grid line JU

S Distance from a grid point not adjacent to the
rim to the near field point XN

Sl Distance from the intersection point along the
grid line M to the near field point XN

SUMX X component of the x-integration sum

SUMY Y component of the x-integration sum

SUMZ Z component of the x-integration sum

THERN (eMN) Theta coordinate angle of the near field point
XN as referred to the aperture point (XM.YN)

XN Coordinates of near field point

XP X-coordinate of the near field point XN as
referred to the aperture point (XM,YN)

YEXP Phase term for near field integration for the
grid point (XM,YN)

YLR (YLR) Y-coordinate of the intersection of the grid
line M and the lower rim

YP Y-coordinate of the near field point XN as
referred to the aperture ,point (XM,YN)

YSLX X component of the lower sum of the Y-inte-
gration
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YSLY Y component of the lower sum of the Y-inte-
gration

YSLZ Z component of the lower sum of the Y-inte-
gration

YSMX X component of the middle sum of the Y-inte-
gration

YSMY Y component of the middle sum of the Y-inte-
gration

YSMZ Z compQnent of the middle sum of the Y-inte-
gration

YSUX X component of the upper sum of the Y-inte-
gration

YSUY Y component of the upper sum of the Y-inte-
gration

YSUZ Z component of the upper sum of the Y-inte-
gration

YSUM(IM) X component of the total sum of the Y-inte-
gration for grid line M

YSUM(2,M) Y component of the total sum of the Y-inte-
gration for grid line M

YSUM(3,M) Z component of the total sum of the Y-inte-
gration for grid line M

YUR (YUR) The Y-coordinate of the intersection of the
grid line M and the upper rim
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CODE LISTING

114-1 C
1 14i 8C ***Y INkkGI101ION FOR~ NEAR~ FIELD

1152 SUMZ=(O..,O.)
I~b~ DO 2204 M=I1MAX

I I1t54 NPRI =o
I15 IF ( LLMA)(~ f.N) PRI= 1
I l!o XP=XN( I )-(M-PC)*GI)X

I1IIt (M:[FrIMAX) XP=4fl( I)-XAAX

1101 JUO=JU(k)
1162 IF (JUO-JLO.GT.1) CO TO 206
1 163 YP=XN(2 ) -YLP (M )
1 104 PH I HI=BTA N2 ( Y 1, XP)
Il oId5 IN PN = SIN( Pf II? N)
I loo CUSPN=CC(,'-(PHI R N
I M THEkN=1AN2 ( SUI'(XP*XP+Y P*YP), XtN(3)
I I wi 51 NTN=S1NV( 71IRN.
I 169 COSTI,=CG-S (THEPUN)
I I '1 S=SOWT(N'P*YP+kP)
1 171 EX IL=CEXP (-CJ*TP I* S)
1179 YSUM(l,M)=(YULUIM)-YL(M))*EA(l,M,JUO)*EXPL/S
1173 YSUM(2.)=(Y1JI)-YJJK(M))*EA(2,?i,JUO)*EXPL/S
I17-4 ELPAT=COS(THERN/2.)
1 175 b UMY=CO-iN-I .
I 1-/6 CXX=l . +C.Os1lN*(jOspN*D~fiy
Ili/ CXY=SI NIi1)*C(,!PN1*UMY

j 178 CYY= I .+ 1f4PN*.(INIPM*)UtY
I I -IVdYIA 3,M)- IT Y I( ,M)*C0 PN+Y5U,,,1,(2' ,M)*SI NPN )*ELPAT
I 1804 -iMX~YSWJ,(I ,l)
I 181 YbUM( I M.A)=(CXX*TMX+CXY*Y50P(2, M) )*ELPAT
1182 YSUM(2,k)=(CXY*TMX+CYY*YSU.(2,1i))*ELPAI'
1183 IF (L-INYI-UI) V,.IIF (6,166) M,YSUM(1 MSI.(,.)YIM3M
1184 GO 0 i 2204
1185 (;
1186 c* CALCULAIE YSM*
1187 C
I I btb 2 06 Jk-=J10- I

l~by JI=JLO+l
I1I 90 KM=JF-JI+I
I 191 YSMX=(0.,0.)
1192 Ysmy=(0.,(4.)
119Y3 Y5MZ=(o.,(4.)
1 194 DO 2048 KJ=lI, KM
Wrt5 J=KJ+JI-1
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I 19c)NJ = +I
I I W,/ YP=XN(2)-(J-JC)*GRDY
119lb PHIfRN=13AN2(YP,XP)
I ISIS, S1INPN=SN( PI I IN)
12 0 C COSPN=COS ( PH 111N)
120 1 3IEN=BTAN2 (SokT(XP*XP+YP*YPXN (3)
1202 SINTN=SIN(THE?N)
I 20.' cosTN=COS (THFiN)
1oA~ DPX=TPI*COSPN*SI NTN*GRDTX

l2 15 FFXN=FF(L)PX)+CJ*O.
120o DPXL=I)PX*OIXL

1. 2Wi -1DPXk=t)PX*O Xi?
120e8 IF (M.EO.l) FFXI=OXL*FH(DPXL)

1209 IF (M.EUj.2) FFXN=FH(DPX)+(OXL*F(-)PXL)
1210 IF (M.EU.MIX) FFXN=Fti(-DPX)+OXR*FI1(DPXR)
1211 IF (I.EU.MAX) FFXN=OXR*Ff!(-DPXI?)
1212 I)PY=ITPI*SI NPM*S1 NTN*GPDY
112 1-* FFY=FF(LDPY)
1214 s=sokfr(yp*YP+RP)
121t) YEXP=CEXP(-CJ*TPI*S)*FFXN*FFY
1216 ELPAT=COS(THEN/2.)
121-1 DUMY=CO',TN-1 .
1218 CXX=1 .+COSPN*COSPN*DUMY
121Y~ CXY=SINI)14*COSP?4*DUMY
1220~ CYY=I.+5INPN*SINPN*DUMY
1221 YSMX=YSMX+(CXX*EP( I,M4,NJ)+CXY*EA(2,MN4J))*YEXP*ELPAT/S
1222 YSMY=YSMY+(CXY*EA( I,M,NJ)+CYY*EA(2,M,rUI) )*YEXP*ELPAT/S
1223. YSMZ=YSMZ-SINTNl*(EA( J, M,NJ)*COSPN+EA(2,M,NJ)*SINPNl)*YEXP*ELP&T/S
1224 208 CONTINUE~
122t) C
122o C *CALCULATE YSL*
1227 U
1228 YP=XN(2)-YLR(PI)
122Y SI=SQHTI(YP*YP+iP)
12'4v' LXPL=CEXP(-CJ*I1PI*SlI
12. 3I YP=XtJ(2)-(JO-JC)*GRI)Y
12-'2 S2=SO141f(Y[P*YP+RW)

* 12:53 EX PI=CF X 1(-CJI*'P I *S2)
12.34 PH I kN=Wi AN2 ( N1, xP)
1235 SINPN=SIN(PHIRN)
12-'6 COSPN=CCS(PKIRN)
12.37 THRN=Bl AN2 (SORT (X P*XP+Y P* YP).M(3)
1238 51SITN=S N (THE N)
1,2~ ',' COSTN=CUS ( TlHEI?Nq)
1240i I)PX=TPI*CC)SPN*SI NTN*GPPX
12 41 FFXN=FF (DPX+CJ*0,.
1 242 I)PXI.=UPX*OXL-
I 2" -'D )X1R=OpX*O) XIR
i2"l4 4 IF (M. FO. I ) FFXN=OXL*i-H(DPXI.)
1 245 IF CM.1--(,.2) FFXNl=FH(I)PX).c)XI.*F,( -I)PXL)
1240 IF (M.Fi.C.MIX) FF:XN=Fi!(-D)PX )+OXi?*FH(DI'XR)
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1241 IF (M. F. MAX) FFXN4=OXR*iN( -I)PXl-)
1248 DPY=TfPI*SINPN*SI M3N*GWR7Y
124Y FHYIP=FH(DPY)
1250~ DPYL=UPY*OYL(W)
12t51 FYM=FH(-DPYL)
12t>2 FYP=FII(L)PYL)

125-'-EXPL=EXPL*FYP*OYL( A)
1254 EXPI=EXPI*(FYM*OYL(M)+FHYP,)
1255 EAL=EA(l,MJLO+3)*(OYL(,i)+I.)-AI,. ,JLO+2)*OYL(M)
l2t5o IF (NPRI.EO. I) WRHITE (6,-) I:-A , .iJLO+ ) ,EA( 1,M,JLO0+2) ,EAL
32571 YSLX=FFXN*(EAL*EXPL/SI+F A( 1,W,JLO+1)*[XPI/S2)
1258 EAL=EA(2,M.JLO+I)(YC?) )-EA(2,M,%,JLO+2)*YL(!I)
12t)9 IF (NPfI.EO.I) WRITE (6,909) JLO,JIFA(2,M.JI),EA(2,? ,JLo+2)
1260~ 2,EAL
12c,1 YSLY=FFXN*(EAL*EXPL/51+FA(2.',JLO0+1)*E-XPI/S2)
1262 ELPAT=COS(THERN/2.)
1263 DUMY=COEITN-1.
12o4 CXX= I .+COSPN*COSPN*[)UMY
l2ot5 CXY=SIN13)N*COSPN*DUAY
1266 C.YY= I .+SINPtl*SINPN*DUMY
i 32c7 YSLZ- SI NTN* (YSLX*CSIl+YSLY*S INPN)*E.PAT
1208 TMX=YSLX
3,269, YSLX=(CXX*YSLX+CXY*YSLY) *LLF'AT
1 2-0 YSLY=(CXY*TAX+CYY*YSLY )*ELPII

12 72 C *CALCULATF YSJ
12-/3 C
12-1-1 YP=XN(2)-YU#4(M)
12-1t S3=SORT(YP*Y['+HP)
127o EXP14=CEXP(-CJ*TPI*Sl)
12-4- YP=Xtl (2) -(JIJO-JC)*GPD.Y
I 275 S2=Stfi'( YII*YP+HP)
12/9 EXPM=CEXIP(-CJ**P 1*52)

I~bff) PHI 1)N=[3IAN2 (NP, XP)
I 2!3 SINPN=SIN(PHI!RN)
3.25t2 COSPN=CS(P;i]UN).
I1?8.3 fiHEkM=1iAt2( ',(.4lTtXl*XP+Yr)*Yll), XN (3))
12b4 51 NTN= S IN ( ThlEN)
1285 COSTN=COS( THFlN)
1280 DPX TP I *COSP N* SI NTN * mrfx
1 287 FFXN=FF(V)PX)+CJ*0.
13 2bb IPXL=[)[)X*OXL
1289 DPXfW=IPX*OXR
1 290 IF (CA. EO. I) 17-F X11 =OXL-*F!i ( D)P M.)
1291 If (M.EO.2) i'FXt4=FHI(DPX)+')XL*FHl(-DPXL-)
124s2 IF (M.EG.MIX) FFXN4=FII(-DPX)+OXi?*$H4(bP!Xli)
1293 IF (M.FEU.MAX) FFXN=QXP*FH(-JPXR)
3294 DPY=ITPI*SI NPN*SI !fTJ'*OliDY
129b FHYM=Fi( -i)PY)
1290 UPYU=UPY*OYU (I)
12Y7 FYM=FHi(-l)PYU)



1299 EAPM=EXPhi*(FYP*QYU(M)+FIIYM)
13(6( EXPkEXP*FY*YU(M)
1 301 EAU=FA(1',M,JUO+1)*(QYU(M)+1.)-EA(1,M,JUO)*QYU(M)
130~2 IF (NPUI .EV. ) KRjITE (6,-) EA( I,MJUO+ ) ,EA( I,MJUO) ,EAU

130 sYSUX=FFXN*CEAU*EXPR/S+FA( l,M,JUO+I )*EXPMl~/S2)
1304EAU=EA(2,MJUO+1)*(QYU(AM)+1.)-EA(2,MJUO)*OYU(M)

1316t) IF (NPRI.EO.I) WRITE (6,90~9) JU0,JFEA(2,MJIJO+1),EA(2?!,,JUO)
130,j 2,EAU
130-1 IF (NPRI.E0.l) bRITE (6,-) 0YL(M),OYJ(k),YLRQA,),YJR(M)

130b YSUY=FFXN*(EAU*EXPR/S1+EA(2,M,JUO+1)*EXPM/S2)
1309 ELPAT=COS(ThiERN/2.)
1310 [UMY=-COSTN-1.
13H1 CXX=i.+COSPN*COSPNl*DUM'Y
1312 CXY=SII'PN*COSPtN*DUMY
1313 CYY=l.+SINPN*SINPN*DIJMY
1314 YSUZ-SI ?4N*(YSUX*COSPN+YSUY*SINPN )*ELPAT
1315) TMX=YSUX
131 o YSUX=(CXX*YSUX+CXY*YSJY) *ELPAT
1317 YSIJY=CXY*T'MX+CYY*YSUY)*ELPAT
131b YSUJM( 1,M)=(YSLX+YSMAX+YSUX)*fthDY
131 ( YSUM (2,MA)= (YSLY+YSMY+YSIJY) *GRDY
132o~ YSUM (3,M)=(YSLZ+YSMZ+YSUZ)*GRDY
1:321 Ir (LWYSUM) VWcITE (6,166) %l,YSLXYSMX,YSUX,YSUM(1.M)
1322 IF (LWYSUM) WRITE (6,166) M,YSL-Y,YSMYYSUY,YSJM(2,.')
1323 IF (LKY$,UM) i-RITH (6,166) M,YSLZYSIAZ,YSllZ,YStIM(3,M)
1324 C
132t5 C *** X INTGRATION FOR NEAR? FIELD *

1320 U
1,42- SUMX=SUMX+YStJM (I ,M )*GRDX
1326 SUMY=SUMY+YSUM (2 ..A)*G~r,)X
1 -2 ~ SUMZ=SUMZ+YSUM(3,i'.)*GrDX
133k IF (LUM) KR4ITE (6,166) M,SUMAX,SUIAY,SUMZ
131 220 CONTI1'JUE
1.332 EDX=CJ*SUMAX
13.33 EI)Y=CJ*E1JMY
13-'4 EDZ=CJ*SWt4Z
1335 IF (L-TEST) WRITE (6,195) EDX,EDYEDZ
13.36 IF (.flOT.L-ED) GO) TO 224
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1 SECTION 7. X-INTEGRATION FOR FAR FIELD

PURPOSE

To numerically integrate the y-integration sums along the horizon-
tal grid line and obtain the final far field pattern.

I -

I

f2L f2R

fE ., fI/ f ER

.. \ / XP:K.d - ~

1m.. M :2 M23 OK XA

M =I

Figure 1. The x-lntegration parts

METHOD
Using the result of y-integration, the scalar radiation integral

for the far field pattern reduces to

E & Jxm x YSU eJ kxsl n ec os dx
2 m n

The x-integration is divided into three parts in a similar way
as was the y-integration. The middle part consists of the basic sub-
apertures (subapertures with full grid size) with full triangular dis-
tribution as shown by the dashed lines in Fig. 1. The expression for
the distribution of a basic subaperture is given by

Ix-Xol
f F ( x ) = 1 - - x -
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for Ix-xoj<d , as shown in Fig. 2a. The resulting far field pattern for

the basic sutaperture, i.e., element pattern, is given by

FSF(e,*) = dx cosf FF(*x)

where

-- [LT
and the argument

fx = k dx snecos .

Thus the result for the middle part of the x-integration is simply the
sum of the product of the y-integration sum and the phase exponential
for each subaperture multiplied by its element pattern as given by

Mmax2 J(I-Ic)fx

Sd FF(x) I Ys(M) •
M-3

where I=M-l, I is the I index for the origin, and Mmax is the maximum
number of rotated grid lines.

A fF ( X) f N()

0o x-dx 0 +d x  0 cl qWX

(a) (b)

Figure 2. Triangular subaperture distributions
(full and half).
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Ii

ji The contributions from the left and right parts of the x-lntegra-
tion are treated in the same way as for the lower and upper parts of the
y-integratinn, except that the element patterns are calculated separately
for each of the three subapertures near each of the left and right edges
of the reflector rim. Each of these subapertures has a half-triangular
distribution as shown in Fig. 2b. The element patterns for these sub-
apertures can be represented by

* FH( x) --l e x

The contribution S from the left part is given in terms of the y-inte-
gration sums fI1 aid frL as shown in Fig. 1. The edge value fEL is
obtained by extrapolat on using Equation (15) with flLuYsum(2 ) and f2L-
Ysum(3), thus

(I Ax-L\x
fEL = Ysm(xmin) a Ysum(2) + dx) - Ysum (3) dx

where " L is the distance between Xmin and the M-2 grid line.

Consequently, the contributions from the three subapertures of the left
part are given by

~JkXmtnStnecos#

SL = fEL • n H(+*xL)AXL

1" + flL e cx [FH(-#xL)AxL + FH(+#x)dx]

T"

where

fIL = YSUM(2) ano

1. *xL = k AxL sinecos#

is the argument for the element patterns FH(±xL) of the two subaper-
tures with width AxL.

Similarly, the value fER for the y-integration at the right edge
of the reflector rim is given by

+;R AXR

fER" Ysum(xmax) " Ysum(mx'l) x sum(Max-2) d

85

A



The contributions of the three subapertures of the right part can be
obtained as

jkXmaxSi necos$

SR = fER e FH(-#xR)AxR

J(Imax-Ic)x

+ f1R e C[FH(+xR)AxR + FH(-Ox)dx]

where

fr = (Mmax ) and

'XR = k AxR sinecos*

Finally, the resulting far field pattern function as calculated
by the rotating grid method is obtained by adding up the partial sums.

SUM = (SL + SM + SR) cos()

where cos(e/2) is the element pattern factor of the equivalent aperture
currents.

Since the aperture field has both x and y components, the far field
pattern associated with these two orthogonal aperture field components
are calculated by the above equation and represented by SUMx and SUMy
respectively. Each element of the aperture is assumed to radiate the
same polarization as a Huygen's source, thus the spherical components
of the far field pattern are given by

d = j(cos*.SUMx+sin*.SUMy)Icos I

and E =-jltn,.SU~ -CO SUMy)Jcos~jEd~in .. yi

and Ed =_j si*fSUM cos f*SUM )IcosI

where Icosol is the correction factor for the enlarged grid size due
to grid rotation.

86



FLOW DIAGRAM

Lx-integration for far field

Calculate argument DPX and the
element pattern functions FFX,
FHXP and FHXM associated with
the basic subapertures

Calculate the
. Middle sum SUMM

left sum SUML
right sum SUMR

Calculate the total sum and
its spherical components
EDT and EDP

( Continue
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KEY VARIABLES

ACOSP Icosl Absolute value of cos#

DPX (#x) Phase argument of a basic subaperture

DPXL (xL) Phase argument of a subaperture at the left
edge

DPXR (OxR) Phase argument of a subaperture at the right
edge

EDP (Ed) PHI component of the radiation field

EDT (Ee) THETA components of the radiation field

ELPAT Element pattern function for equivalent
aperture current

EXPI Phase term for the leftmost grid point inside

the aperture

EXPL Phase term for the leftmost rim point

EXPM Phase term for the rightmost grid point inside
the aperture

EXPR Phase term for the rightmost rim point

FFX (FF(#x)) Horizontal pattern function for a basic sub-
aperture with a full triangular distribution

FHXM Horizontal pattern function for a basic sub-
aperture with a half triangular distribution
(negative argument)

FHXP Horizontal pattern function for a basic sub-
aperture with a half triangular distribution
(positive argument)

FXM Horizontal pattern function for a subaperture
at the edge with a half triangular distribution
(negative argument)

FYP Vertical pattern function for a subiperture at
the edge with a half triangular distribution
(positive argument)

GRDX Horizontal grid size
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MAX Mmax Maximum number of rotated grid lines

PG Variable used for phase argument DPX (calculated
in subroutine GRID)

PHSX Phase path of an integration grid point on
the aperture

PHXL Phase path of the

PHXR Phase path of the rightmost rim point

QXL Normalized distance from the leftmost rim point
to the first vertical grid line inside the
aperture

QXR Normalized distance from the rightmost rim point
to the last vertical grid line inside the
aperture

RFCT (e-kR) Range factor (used if LRANG is true)

SUMLX X-component of the left x-integration sum

SUMLY Y-component of the left x-integration sum

SUMMX X-component of the middle x-integration sum

SUMMY Y-component of the middle x-integration sum

SUMRX X-component of the right x-integration sum

SUMRY Y-component of the right x-integration sum

SUMX X-component of the total x-integration sum

SUMY Y-component of the total x-integration sum

XEXP Phase term for an integration grid point

YML Interpolated YSUM value at the left edge

YMR Interpolated YSUM value at the right edge

YSUM(IM) X-component of the total sum of the Y-integra-
tion for grid line M

YSUM(2,M) Y-component of the total sum of the Y-integra-
tion for grid line M
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CODE LISTING

* IJ74 C
137 h- C ***X INTEGRATION FOR FAR FIELD **

13-16 C
13.77 227 DPX=[PC,*EINT
13-ib FF X= FkF(DPX )
13319 FHXP=Ffi(IPX)
I38fo FHXM=FHi(-[DPX)
1381 IF (LTES*T) WRITE (6,228) I)PX,FFXFiXP,FHXIA
1382 228 FORMAT(2H 1,iJ,O'DPX = ',F7.4,5X,5F10.5,T79,lfD)[
1383 L;
1384 C *MIDDLE SUM*
1385 c
1380 SU MMX= (16.,0.)

13tb DO 230 YMi:MX(0TO2(

13 9 (, I=M-I
1391 IX=I-IC
13S,2 PIFSXIlX-DPX
1 393 XEXP=CE\P( CJ*P1iSX)
1 394 SUMMX=Slt"A X+ystlm (1I , M)*XE XP*FFX*G-'RDX
1 395 SUMMY=SUM;,Y+Y3M (2, M)*XEXP*FFX*GRDX
1396 IF (L-NYS[IM) W'RITE (6,166) 1..,SUlPWX,SUPW Y
139-1 2 30 CONTINUE
1398 C
1399 c* LEFT SUM*
34kA0 C
1413 PH XL( XtiI N/GRDX) *DPX
1 402 DPXL=QXL-*DPX
1 403 FXP=FII(DPXL)
1 404 FXM=FH(-DPXL)
14(05 E XPL=C E XP (CJ *PFI iXL)
14066 EXPI=CEXP(CJ*( I-IC)*D)PX)
141 YML-=YS'J'A( 1 .2 ) *(oXL+ I. ) -YSI I k(1, 3)*0 XL
14168 SUMLX-YML*EXPIL*FXP*XL+YSIJM1,( I ,2)*PXPI*(FXM*DXL+FHXP*iRDX)

* ~~ 141 YML=YSUN,(2,2)*(QXL+)YlJ(.)XI
34310 SUMLY=YIL*EXPL*FXP*DXL+YSUM.'(2,2)*EXPI*(FXM*DXL+FHiXP*GRDX)
1413 C
1412 C *hiGHT SUM*
1413 C
14134 PHXR=( XlAX/CRll)X )*[)32X
14315 DPXR=QXit*IPX
141o FXP=k:H(I)FPXR)
1417/ FXM=FH(-[DPXR?)
1418 EXPR=CE-XPWJ*f3JXl
14319 EXPMV=CEXP[)(CJ*(I AlAX-I C) *DPX)
1420~ YMIR=YSUM ( I 1.'iI X)* (OXR. I . ) -YSU)M( I , IMP/AX)*OXI?
1 421I SUMHIX=YRi*:XI)[R*F XM*I)XR+Y I W C I , MIX) *E XPMA (FXP*L)Xi?+FHXM.*ORD)X)
1422 YMR=YSUk(2,MIX)*(XR+.)-YU(2,iAX)*flXR

90



1 423 SU MRY= Y 4 k*E X 1'*F Xiv*D XR+ SUM%, 2, 1IX) E XP M (F X P *D XR.FHX M* GWL)X.
1424 IF (LIIYSUM) 1KRITE (6,166) VSUIVLY,SUIPPY
1425 EL PAT=CCS (TH Ell/2 .*)1 426 SU MX= EL P AT* ( £U ML X+ SUMM X+ SI M ?X)
1427 E UMY=E L PAT* ( SU ML Y+SU !IY+ St i P N)
1428 IF (LIEST) V,'PITE (6,195) SIIM'.X,S1JM1Y
1 429 EL)T=CJ*(COSP*SUMX+SlrrP*SUM Y)*RFCT*ACOSP
1430e EDP=CJ*(-SIN;P*SUM.X+COSP*SjMY)*1iFCT*ACOSP
1431 IF (LTEU1) V.RITE (6,195) COSP,SINP,ACOSP
14 2 IF (LTEI:-") hklIiE (6,235) N.EDTE:DP
14ZO. 2.35 FORMAT(2H T,I5,4Ei1.3,T79,1HT)
14.34 IF GOOi.F+D 3 TO 242
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B. SUBROUTINES

SUBROUTINE BABS

PURPOSE

This function computes the absolute value of a complex argument.
It is similar to CABS, except it avoids run time errors when the real
part and imaginary part of the argument are zero.

METHOD

The system function CABS is used unless the absolute value of the
real part and the imaginary part of the argument are close to zero, in
which case a very small value is returned.

KEY VARIABLES

X Absolute value of the real part of Z

Y Absolute value of the imaginary part of z

Z The complex argument

CODE LISTING

FUNCTION BARS(Z)
2 !''

C!!! THIS ROUTINE IS USED TO GIVE COMPLEX ABSOLUTE VALUES. IT IS
4 L!!! USED RATHER STANDARD ROUTINES TO AVOID EXECUTION ERRORS.
5
6 COMPLEX Z

X=AbS(REAL(Z))
SY=AbS (A1 AG(Z))

Ii(X.LT.I.E-20.AN[).Y.LT.I.E-20) O0 TO I0
1 ( BABS=C'A[IS(Z)
.i i RETURN
!2 1 1 BA3S=I .E-20

4 o

92



SUBROUTINE BTAN2

PURPOSE

This function computes the two argument arctangent function. It
is similar to ATAN2, except it avoids run time errors when the second
argument is zero.

METHOD

The system function ATAN2(Y,X) is used to return the angle in
radians, whose sine is Y and cosine is X unless the second argument
or both of the arguments are zero. If the second argument is zero,
either w/2 or -1/2 is returned depending on the sign of the first
argument. If both arguments are zero, a zero value is returned.

KEY VARIABLES

X Second argument, which is the cosine of the
angle to be computed

Y First argument, which is the sine of the angle
tp be computed

CODE LISTING

I FUNCTION BTAN2(Y,X)
2 L!!

L !!! IHIS ROUTINE IS USED TO COMPUTE THE ARCTANGENT. IT IS SIMIL.AR
4 L!!! TO ATAN2 EXCEPT IT AVOIDS THE RUN TIME ERRORS.
t C!!!

CUMOt'O/PI 5/PI ,TPI, DPR
-/ IF(ABS().G.I.E-20) GO TO 50
8 IF(AIHS(Y).O*.I.E-20) GO TO 10
9 bTAI2=0.

I i kETJ RN
Ii i, 15TAN2=P1/2.
12 IF(Y.LT.).) BTAN2=-BTAN2
'RETURN

14 1A) HTAN2=A'1AN2(Y,X)
I RETUIRN
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SUBROUTINE DBPHS

PURPOSE

To calculate the normalized power level in dB and the phase of
a complex field value.

METHOD

The power of a complex field value E expressed in dB is given by

DB = 20 log1oJEj + REF

and the phase of E by

=tan-1 (Im+))

where Re(E) and Im(E) are the real and imaginary part of E.

For far field calculations without the range factor e-jkR/R (LRANG
=false). The output of the code is expressed as antenna gain relative
to isotropic. In this case, the value of REF is set equal to REFDB which
is calculated in the main program using the information of relative power
radiated by feed (see Section I of the main program).

For far field calculations including the range factor or for near
field calculations the value of REF is set to zero. The value of REF
is summarized in the table below.

TABLE FOR REF VALUE

INPUT FAR FIELD NEAR FIELD
VARIABLE (LNF-false) (LNF=true)
LRANG

True REF 0 REF = 0

False REF = REFDB REF = 0

94



L.

FLOW DIAGRAM

0 BPHS (AE ,E, REF)

INPUT VARIABLES

E Complex field value

REF Reference power level

OUTPUT VARIABLES

AE Absolute value of the field value

E Normalized power level and phase of the
field value

I

Take absolute value AE of
the field value E

YES IsAEO NO

normalized power Set DB--500
level in dB FASE-O

Calculiate phase
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KEY VARIABLES

DB Normalized power level of complex field value E

FASE (*) Phase of the complex field value E

CODE LISTING

I SUBROUTINE DBPHS(AEEOREF)
2 COMPLEX E
ICOMMON /PIS/PITPI,DPR
4 AE-BABS(E)
5 IF (AE.GT.O.) GO TO 10

FASE=O.
8 GO TO 20

10 [)8=20.*ALOGI0(AE)+REF
0 FASE=BTAN2 (A IMAG (E), REAL (E ) )*DPR

11 20 E=CMPLX(DB,FASE)
12 RETUIN
Ii. END
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SUBROUTINE DCHP

PURPOSE

To calculate the edge diffraction coefficients, the slope dif-
fraction coefficients of a half plane, the corner diffraction coeffi-
cients and the slope corner diffraction coefficients for a plate.

METHOD

Using the wedge diffraction coefficient formulation [5,6], the
edge diffraction coefficients for a half plane can be expressed by

Ds,h(0, 0o ) = Dl DI*

where

-iT

= -e F[kLa(o")J

2V2wk sino cos B-
2

DI+ -e F[kL($+)]

2/2wk sinso  cos a+

2

a 2 cos ~.

L is the distance parameter,

F(X) = 2jj/X1le x o1 fl e jT2 dT is the transition function,

00 is the diffracted cone angle and

# and #' are the diffraction angles for the diffracted field and
incident field, respectively.
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The slope diffraction coefficient for a half plane is given by

Dsh h
= DPI _ DPI+

where

_je 1I

DPI-f sink sin( [l-F[kLa(l-)])

and

DPI + = eJ 4 L Jo + [1-F[kLa(o+)]3

The corner diffraction fields from a corner of a plate (see Fig. 1)
can be represented by[7]

( 1 CORN (c Ea

where

stngc e 
sj kCORN = 2 (cosooc+cosBc) FIkLca(ooc+oc) F e' k

e-jks
S

Cs h =D1 x AFC +DI + x AFC +

and

AFC kIF We. I) is the heuristic function
as c .i
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Note that the angles s8~s 13 (see Fig. 1) and the corner distance para-
meter

CI.=

Lc = c

are calculated in the subroutine GTD.

In the code the diffracted fields from both corners ME and ME+l
of a rim segment ME are combined in the following way

(ci

lEc  BhEi

where the coefficients Bs and Bh are given by

Bs, h  D x CC- T O + x CC+

and

CC + = CORNE x AFCME
+ CORNME+ x AFC+

ME ME ME+1 ME+l

Similarly, the coefficients for slope corner diffraction are given by

aBs h aDs h
!-- -_ x (CORNME + CORNME+J)
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Figure 1. Geometry for corner diffraction problem.

100



1.w

FLOW DIAGRAM

DCHP(DEL,CORN,R,PS,PSO,SBO)

INPUT VARIABLES

DEL Variable representing the value of
kLca(ooc+8c)

CORN Variable representing the part of the
corner diffraction coefficient
exclusive of Cs,h

R (L) Distance parameter

PS (€) Diffraction angle for diffracted field

PSO (€) Diffraction angle for incident field

SBO Sine of the diffracted cone angle 80

Loop through incident and
s reflection parts of the

diffraction coefficientsI
Calculate the incident and
reflection parts of the
diffraction coefficient DI
and those of the slope diffraction coefficient DPI

diffraction rquired? NO

YES*
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II

Loop through both corners
I i J IME and ME+I

Calculate variable CC and
heuristic function AFC for
corner diffraction coefficient

ip

Sum incident and reflection
parts of all diffraction
coefficients

RETR

LQ2



KEY VARIABLES INPUT/

OUTPUT

A (a) Angular separation parameter

AFC Heuristic function for corner diffraction

ANG Variable for PS±PSO in radians

ARG Argument for AFC

BET (8) Variable for PS±PSO in degrees

BH (Bh) Hard corner diffraction coefficient (0)

BPH 3B- Hard slope corner diffraction coefficient (0)

DB
BPS - Soft slope corner diffraction coefficient (0)

BS (Bs) Soft corner diffraction coefficient (0)

CC Variable representing the combined effect
for both corners ME and ME+I in the corner
diffraction

DI The incident or reflection part of the edge
diffraction coefficient

DH (Dh) Hard diffraction coefficient for edge (0)

DPH Hard slope diffraction coefficient for edge (0)

3aDs
DPS - Soft slope diffraction coefficient for edge (0)

DS (Ds ) Soft diffraction coefficient for edge (0)

FA Transition function for edge diffraction

FFCT Transition function (see section on FFCT)

LCORNR Logical variable for corner diffraction (1)
(see User's Manual)

LSLOPE Logical variable for slope diffraction (I)
(see User's Manual)
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SL Value for DI near the shadow boundaries

TERM4 Temporary coefficient for DS,DH

TERMP Temporary coefficient for DPS,DPH

CODE LISTING

I SUBROUTINE DCHP(DEL,CORN.R,PS,PSO,SBO)
2 DIMENSION [JEL(2)

3 COMPLEX CORN(2),DI(2),DPI(2),CC(2),TEPMTERMP,FFCT.FA,TOP
4 COMPLEX CJ ,DS,I)HDPS,DPHI,BS,BH,BPS,BPH,CIN,CIP,CCP
5 COMMON /DSC/DS ,fH, DPS,DPH, BS, H, BPS, BPH
6 COMMON /PI S/PI TPI ,1)PR
I COMMON /LOGD)IF/LSLOP)F,LCORNR.LNF,LRANG
b COMMON /TEST/LDEBIG,LTEST, NTEST
9 COMMON /TOPVD/TOP
10 COMMON lOUT/NW
AlI LOGICAL LCORNP,LSLOPE,LDEBUGLTEST
12 IF (LDEBUG) wRiTF (NK,2) R,PS.PSO,SBO,L-OG,D)EL(1),DEL(2)
13 2 FORMAT (T5,1DEBUGGING SUBROUJTINE FDCHP',//4F10.2,L5,2F]0.4)
14 CJ=(0.,].)
1b TERM=TOP/(2.*TPI*SBO)
lo TERM P=CJ*2. .* P*TERM*?

1 -1 1k- (LDEBUG) YvRITE (NII,3) TERM,TERMP
1b FORMAT (T1'0,6HTERM =,2F10.4,5X,7HTER)VP =,2F10~.4)
19 SL=0.5*SORT(R)/SBO

20 IF (D)EL(1).LT.1.D-20) DEL(I)=1.D-20
21 IF (DEL(2).LT.I.D-20) tEL(2)=1.D-20

22 BET=PS-PSO
23 DO 20 N=1,2
24 ANG=BET/DP?
25b SB=SIN(ANG/2.)

20 CB=COS(ANG/2.)
2-1 A=2.*CB*CB

28 IF (LDEBUG) WRITE (NW,4) BET,CB,A
2S9 4 FORMAT (TIO,5HBET =,F8.2,5X,4HCB =,FIO.6,5X,3HA =.F19).6)

'30 X=TPI*ABS(R*A)
'31 IF C(LSLOPE).Ok.(X.LE.10.)) FA=FFCT(X)

32 IF (X.GT.10.) FA=I,.+CJ/(2.*X)-3./(4.*X*X)
It; (LDEI3UG) WRITE (NVW,7) X,FA

34 7 FORMAT (TI$,3FHX =,FIO.4,5X,4HFA =,2F]0~.6)
35 IFr ( A.GT. I .D-2 0) GO TO 5
36 DI (N)=-SL+CJ*0.
37 GO TO8

3e 5 CONTINUE
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. y DI (N)=TfhRM*k-A/CR
40 8 CON'tIINU
41 L)PI (t)=IFRMP*S[I*( I .- FA)
42 If; ( LD"LlIG ) VIUITF (MV., 9) 1)1(N) ,DPI (N)

S 9 FORMAT (TIO,411DI =,2FI0.5,X,5H)PI =.?F1l,.5)
44 IF (.NoT.LCOraIIR) 60 10 15

45 CC (N )= (0. , 0~.
46 DO 12 1=1,2
47 ARG=I*A/DEL( I)

14 t, At- C= I .
4 , IF (ARG.LEF.10.) AFC=fiAf3S(FFCTtAIG))

50 (2C(N)=CC(PN)+COfN(I )*AF-C
51 IF (JJ)El-U(3) W.ilTE (NV 11) PRG,AFC,CC(,!),COIZ!J( I).CORNW,(2
52 11 F-ORMAT (T5,5HAPG =,FIO.4,5X,5IAFC =,71 10.6)
5-' 12 CONTINUEJ
5,4 1 t HET=PS+PSO
55 20 CONT!NdE

t)7 Di=I (1 ) +D)I (2)
5)8 DPS=L)II (I )+DPI (2)
5y )PH=Di)I ( I) -)PI (2)
C) . IF ( .N'. LCC1l'rI0 NFVTURN
ol CIN=VI (1I )*(C( I)

C; CI P = )1( 2 )*CC (2
BS=C IN-CI P

04 bff=C I R+(; P
65CCP=COimfi( I )+CON(2)

01 IiPH=I)Pf*CCP
Ob RETUR~N
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SUBROUTINE DFPTWD

PURPOSE

To determine the diffraction point on a rim segment for either
a far field or near field point and determine the incident ray unit
vector.

A
z d

S

XM

(a) far field
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I

ttA

S g

Pi

XME

xy

(b) Near field

Figure 1. Geometry for locating diffraction point
XD on edge ME.

METHOD

The coordinates of the diffraction point XD are determined by
solving a similar triangle system. For edge ME,

P (= T-

and

S = IXS-XME-PVI
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For far field (see Fig. la), since co5odV then

cott
0

and T = S-cotB0

For near field (see Fig. lb)

P= (XN-INE)*V

SN = IXN-XME-PNVi

and

T =(PN-P)S/(S+SN)

Thus the coordinates of the diffraction point are determined by the
vector

XD = XME + (P+T)V

The distance S' from the source XS to the diffraction point XD
is determined from

V= XD-XS

and

S'= IV1

The unit vector for the incident ray is then obtained by normalizing
the above vector

A V-Vl = F
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4.

FLOW DIAGRAM

DFPTWDtAS,XN,DV,VI,SP,XD,ME)

INPUT VARIABLES

XS Source location in rectangular coordinate
system

XN Near field point coordinates

DV Inner prodcct of the diffraction vector

and the edge vector

ME Rim segment index

OUTPUT VARIABLES

VI Incident ray unit vector

SP Incident ray path length

XD Coordinates of the diffraction point

Calculate cots0, the distance P and the perpendicular
distance S from the source to the edge

NO' Ierfedaluai YES

FF NF

Calculate the projected Calculate PN, SN and
length T of SP on the the projected length
edge T of SP on the edge

L.1
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Calculate the coordinates of the diffraction
point XD, the incident ray path length
SP and the incident ray unit vector VI

RETRN

lie



I

I KEY VARIABLES INPUT/
OUTPUT

I CTB Cotangent of diffraction angle Bo

LNF Logical variable to determine whether near (I)
I; field or far field is calculated

P Distance from the source to the corner
ME projected on the edge

PN (PN) Distance from the near field point XN to
the corner ME projected on th3 edge

S Perpendicular distance from the source to
the edge

SN (SN )  Perpendicular distance from the near
field point to the edge

I SP (S') Incident ray path length

T Projected length of SP on the edge

x (XME) Rectangular coordinate components of the (I)F rim point ME

I.

f Ill



CODE LISTING

SUBROUTINE DFPTWD(XS,XND)V,VISP,XD,ME)
2 C!!!
3 C!!! DETERMINATION OF THE DIFFRACTION POINT
4 C!!!

t) DIMENSIO~N XS(3),XN(3).X[D(3),VI (3)
0 LCGI CAL l.SLOPE, LCORNR, LNF, LRANG
7 COMMON /GEOMI/X(67,3),V(67,.3),MRIM
U COMMON /LOGDIF/LSLOPE,LCORNR,LNF',LRANC

CTB=L)V/SORT( I.-DV*DV)
10 P=o.

li PN=O.
12 DO 1 N=1,3
13. IF (LNF) PN=PN+(XN(N)-X(ME,N))*V(MAE,N)
14 10~ P=P+(XS(N)-X(MEN))*V(ME,N)

lo SN=O.
1-1 DO 2 N=1,3

18 lSY=XN(N)-X(ME,N)-PN*V(ME,N)
)9 SX=XS(N)-X(ME,N)-P*VCME.N)

20 SN=Stl+SY*SY
21 20 S=S+SX*SX
22 Sl=SudT( 11-)
23 SN=SOIIT(SN)
24 T=S*CT8

2 t) IF (L-NF) T=(PN-P)*S/(S+SN)
2o DO 30 N=1,.3

2 - 30 XD (N)=X(MAE.N)+ (P+T)*V(ME,N)
28 5SP=kO.
29 DO 40 N=1,3
.jVI (N )=XD(N )-XS (N)

1~ 40 SP=SP+VI (N)*VI (N)
j SP=S0iWf(SP)

DO 50f ?4=1, 3
34 50 VI (N)=VI (N)/SP

kETURN
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SUBROUTINE FEED

PURPOSE

To determine the magnitude of the feed pattern in any given
direction as referred to the reflector coordinate system.

Y

/Y'

z

REFLECTOR

Figure 1. Geometry of the feed coordinate system.

METHOD

For a given direction (p,€) in the reflector coordinate system
the transformation from (to) to (tQpy ) in the feed coordinate is
given by

= cos-1 (sinOT sinosino + cosPT cos*)

cosOTsin*sino - sinTcos
y tan sinicoso

where 0 = - o and 'T is the feed tilt angle (in the YZ plane).

Various symmetry options are available to reduce the amount of input
data required for symmetrical feed patterns, as shown in Table 1.
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TABLE 1

jISYMR SYMMETRY oX LIMITS FOR OX

0 NO < OX <

x- and y-axis 1€1 or _+-o 0 <_ X <

2 x-axis 101 o < OX <

3 y axis _- 7X

To find the feed pattern value at (t ),€ ), is adjusted and is
represented by CX according to the symmetry idex SYM. Then the two
PHI cuts op, OQ of the input feed pattern adjacent to oy are determined
by comparison. The feed pattern values gp and go are c &lculated at
the angle =*, in the planes *p and o, respectively, by using either
linear interpolation between sored v~lues or an analytic pattern func-
tion.

The linear interpolation is performed by calling subroutine LNFD.

The analytic pattern is constructed by

-A(Lo 
2

= C e \'°' sinN€- -N if ISYM < 0 (odd symmetry)

e-A *0)Cos N EkL + C
g = 2oJ if ISYM > 0 (even symmetry)
gn =  I+C

, 
for < L

gn gn*L)  "e~yfor *L <  < 2*L

and

g= 0 for 2 pL<_

where
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*L A7
is an empirical cutoif criterion and N, C, A and o are input para-
meters to control the feed pattern.

Finally, the magnitude of the feed pattern value gf at (t, y)
is obtained by interpolating gp and gQ as follows:

gf= dpQ gp + (l-dpQ)gQ

where

d
dpQ -

p-iQ



FLOW DIAGRAM

FEED (PSI,,PHIP,PSA,PHGAM)

INPUT VARIABLES

PSI (€) Theta coordinate of the observation direction
measured from the negative Z-axis.

PHIP (') Phi corrdinate of the observation direction.

OUTPUT VARIABLES

PSA ( ) Theta coordinate of the observation direction
measured from the feed axis.

PHGAM (0y) Phi coordinate of the observation direction
referred to the tilted feed system.

YES NO
IS FEED TILTED?

Calculate PSA and PHGAM PSA = I

coordinate 
transformation 

ISFETLED

Calculate PHIX from
PHGAM according to
ISYMI

Find two input PHI cuts PHP]

and PHQ adjacent to PHIX
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1.

YSto find feed values in NO
PHP and PHQ planes?

Call subroutine LNFD Calculate feed value by
constructing analytic pattern

Calculate feed value in PHIX
plane by linear interpolation

between PHP and PHQ planes

E RET IURN

11
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KEY VARIABLES INPUT/
OUTPUT

FP Input feed pattern data for linear
interpolation (I)

GF (gf) Feed pattern value at (PSA, PHGAM) (0)

GP (g) Feed pattern value calculated at PSA in
PHP cut

GQ (gq) Feed pattern value calculated at PSA in
PHQ cut

ISYM Symmetry index for input feed pattern

PHIN Input feed pattern cut angle (I)

PHIX Adjusted PHGAM angle according to ISYM

PHP (@p) Upper input PHI cut adjacent to PHIX

PHQ ( Q) Lower input PHI cut adjacent to PHIX

PSIL (00 Cutoff criterion for analytic pattern

PSIO (0 ) Input parameter to control the feed pattern (I)

PSIT (OT) Feed tilt angle (I)

PX Input feed pattern angle (I)
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d. CODE LISTING

I SUHRWUTItU: t-EE')PSI, PHIP,PSAPHGAM)
el 01MLNSICOt 1PHlN( Ij) FLPI ( IS)),FP( 15, 15) ,AEX( 15) ,CAN( 15)

)PXJ ( 5),P f) l-, 15),G-N(2),FP2( J5),PX2( 15),PSIO( 15)
4 CL)MPLI X JX ,CY

t) LOGI!CAL !-Jfll'ItlG;, IE ISI, LPSL, LOB
0 COMMON.' /FE)IN2, ,PHI N, PX, FP, LDB, t'CK, NPIII ,NPV,,AEX ,C AN ,PSI 0, PSIT

-1 ~COMMON /COMPICX, CY,G1-,PHiP,PHO, KX KY, 9YM, SINTCOST
b ~COMMON / P I S/P I) 1,P! I , f)PR

COPi~'ON / P REV/ I P R ,P FP, PdlFX ,P R S
I .COM~MON 1 E S /LM- HUG , LTFST, NTFST

i COMMON / 0UT/ N rv
12 11- (NTE-.)I. 1-4. 1 )" HlII ( , ) P)I ,Pill P

I- 8 F-ORMAT (/1,LI61;SUMMUTIK 'F EFP*',/TI 2,1)'-I '

14 2F7.2,bX,'PIIIP =,72
i t PHGAM=PliIP 1
16 PSA=Pb$I

18 P 5I k=P 5P /L) 1
19 P H I P PHI 1) /D P[

20 SIN 5 1IW S(P)
21 C oss=c C ISP)

22 ~CSP=COI N(PHI PL
24 PSA=ACO- S I tll* SI NS*5IP+C0S)T*COSS) *1)P

2 Ij TLMP=COET 5 *S, *NP-Sl MT*COSS
26 Ir ((AEb(TE1-. I'+AB5(C(;SP) ).LT.L1.0ooo) TF"[P=10.0041

id 10 CONTINUE
2y 5 1-ORMAI ( -'F 12.4)

3 V IF ( ISYM. .EO. I Ill?. ANi). PHGA:A1. 1:0. PPEP) GO0 TO 15
- I PHIX=PHGAM
.32 1 B =13S) ( I SYM)

I F ( i B. io.) m O T3o 15
o4 IF (I 3.LO.3) 'JO TO 12

PH II A ;1X)

,2>OIF (113.1:0.2) 6O TO 15
.l 12 IF-(h G.Y Pf1I X 1 b.-PHl X
jbI1- (PHIX.LT.-90~. ) PHIX=-l8V.-P;JX

Y9 15 CONTINUL
4 V) I F (NTE!:UI. LO.2 .OR. NTESI . FQ. I) VR ITE (N"I, 18) P! iGA, PSA, PHI X

I. Id FORMAT (/'r12,PHAM ',i. PSA =',F7.2,' PHIX =',z-'1.2)
42 SINPX=5IN(PHIX/f)PR)

A'IF II.E 'O IPPI.FPP GO To 0
4xf DO 20i WP=2 ,1 1HI

4 t IF ( f)HI X. U-. Pll N (NP )) (30 TO 22
40 20 CONTI NUL
4'/ NP=NPHI.I

4b PHIN(NP)=PfIIN( I1)+360.
4Y PSIo(NP)=;1',s( I)
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5(0 22 NO =14P-I1
51 PH0=PHIN(NO)
52 PH-P=PHIN Nil)

5-1 11- (NTEST.EO0-1) WWITE (NVW,25) PHO,PHP
t)4 2) FOIRMAI (112,OPHO =0,F7.2,5X,0P11P =0,F1.2)
b5 IF (NCK.E0.2) G0 70 32
56 27 DO 28 K=1,N2
57 PXI(K)=PX(NO,K)
58 FPI(K)=FP(NO,K)
59 PX2(K=PXQlP*,K)
60 FP2(K)=FP(NP,K)
01 28 CONT'INUE
62 30 IF (NCK.FO.2) GO TO 32

6-'[PSI=A13(PSA-PRES)
04 IF (D~fsl.LT.V,.I.ANL).PH!IX.jiO.Pp:-X) GO TO 39
65) CALL LNFD(PXI,FPJ].t)SA,N)2,(O,)

cj( CALL LNFD(P)X2,FP2,PSA,N2GPt',L13)
o7 IF (NTE T.EO.I) WRITE~ (6,t5) PSA,m;r,G-P

o8 IF (.NOT.L)B) GO TO 39
09 (YW= 10. **(GO/20. )

10 GP=10.**(GP/20.)
71 GO TO039
12 32 LPSL=.FALSE.

SLOP E=0.
74 PSY=PSA

J5 DO 38 14=1,2
16 HN=N0+N-1

7?- IF (ISYk.LT.01 GO TO 33
78 IF (NiPW.NJE.I.OR.CANi(NN).LT.O..OR.AEX(?W ).LT.3.) GO 70 33
79 PSL=SQi (3./AEX(NN ))*PSI(00IH

80 DPSL=PSA-P)SL
b1 Ii- ()PSL.LE.0.) GO TO 33
82 PSY=PSL
b3 LPSL.=.TkUE.
b4 IF (IPSL.LT.PSL) GO TO 33
85 GN(N)=$.
8o 6O TO 38~

8-1 33 QX=PSY/PS10( NN)
bb ARG=C1.5*PI*OX
b9 ARGLX=A:X( N')*OX*QX

IF (ARGEA'..-1.) EXPNmEXP(-ARGEX)
IF (APGEX.GE.20.) EXPN=(5. -5) A G ,E NU C N( ) EX tY2 IF (NTFST.EO.1) W1,11I'E (NP~v,) ARE(-lCA(NX

Y3 3j FORMAT (/'fl2,*Ai?(G =F9.3,,5X,'AEX(N) =, F9.3,5X,CA''; =

94 2F9.3,5X,'EXPN =',F-9.3,/)
11-:F (I5YA1.GE.(O) GO TO 37

90GN(N)=CAN(NN)*L-XPN*SIN.A ?lO)**NIPW
S,7 00 TO 3b
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Yb 3- GN (N )=EX F;.I*CGS (A RG)**NPi
09 GN (N)= ((uN )4CAN(I'M) V/( I.+CA'l(tV))

I fouIt- CLPSL) SLUP=-WfI(J)/PSL
1161 GN(N)=01\,(N)K3LOPE*DPSL
102 38 CONTINUE

I k)-'-GUJ=Gti( I1
1104 GP=GN(2)

I wt) 39 DPO=(PHI X- PlG)/( PlIP-PHQ)
106 Gk=G[P*DPO+c;O*( I-DFPO)
10-1IF~ ( (! [h ;T.FC. I ) .01?. (i1TEST.14).2 )) VifIlF- (0'i4,5M C,:

1028 504 FORMAT (/T10,'(;F =40,F10.4)I LA9 PREX=PHJlX
l1k/ PfEP-PF{0AM
1,11 PREFS=P~SA
112 IPR=ISYP
11-1 RETUhN
114 ENDl
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f-

FUNCTION FF

PURPOSE

To calculate the element pattern function of a rectangular sub-
aperture with full triangular distribution.

METHOD

2
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FLOW DIAGRAM

FUNCTION FF(DP)

DP ( ) Argument of the function

FF Calculated function value

YES Is IDPI<O.OO0l? NO

Calculate function
Set FF=l value FF

CODE LISTING

I FUNCHON FF(DP)
2 IF (ABS(P).LT.O.001I) GO TO 1I
3 X=DP/2 .
4 TEMP=SIN(X)/X
5 FF=I E MP*I E M P

SuGO TO 12
, II t+--I .

8; 1 k2 NbTURN
~iNt
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FUNCTION FFCT

PURPOSE

The purpose of this function is to determine the transition
function for the edge and corner diffraction coefficients.

METHOD

The transition function for the edge and corner diffraction coef-
ficients is given by[5]:

FFCT(x) = 2ji/FI ej x  f e- j [ d-i.

This can also be written as

FFCTx = i j sx TTejx[(0.5-jO.5)- (cj (1 S -is( LII)
where

j )t 2

e- dt = C(a) - jS(a).

KEY VARIABLES

CFR Real part of Fresnel integral

DEL Argument of transition function

FFCT Transition function

S Argument of Fresnel integral

SDEL SQRT(ABS(DEL))

SFR Imaginary ?art of Fresnel integral
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CODE LISTING

I COMPLEX FUNCTION FFCT(D)EL)
2 C!!!
3 L!I DIE-q.MINES ThE TRANSITION FUNCTION RESULT FOR
4 L!!! COR~NER DIFFRACTED FIELD)
t) Ll!!
6 COMMON/PIS/PI ,TPl ,I)PR

COMMONl /OUT/NW
8 SDFL=SOkT( AB-( DEI,)

S=SOR'f(2./PI )*SDEL
CALL FRNEl-5CF,S-R,S)

I I FFCT--CMPLX( ~-RSFR-0.5)
)2 FFCT=SOHWT(TPI)*SDEL*FFCT*CEXP(CMPLX(O. ,DEL+PI/2. ))
13 RETURN
)4 N
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FUNCTION FH

PURPOSE

To calculate the element pattern function of a rectangular sub-
aperture with half triangular distribution.

METHOD

F l-e +

FH(f) = 7-e
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1.l

FLOW DIAGRAM

FUNCTION FH(DP)

OP W ~ Argument of the function

FH Calculated function value

YES Is IDPI<O.002. NO

L~etFH=.5+((DP/6)Calculate function
Lvalue FH

CODE LISTING

I COMPLE~X t-UNCTION FH(DP)
2 COMPLEX CJCDP,TEMP

do Ci)ll=CJ*DP
lj- (Ak3S(DP).LT.04.002) GO TO 21
11FMP=( I.-CFXP(CDP) )/(lP*flP)

7 FH='IFMP-( I ./C[)P)
GO TO 2;2

9 ?l FH=0.1'CDP/6.
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SUBROUTINE FPOL

PURPOSE

To calculate the rectangular vector components of the E-field of
the feed as referred to the reflector coordinate system.

METHOD

The two linear polarization components of the feed pattern of an
arbitrarily eriented (in the x-y plane) Huygen's source (crossed elec-
tric and magnetic dipoles [2]) are given by

fx = Cx " Os * gf

fx =  C y , Os " gf

where Cx and Cy are polarization parameters expressed as

X = cos(T) for linearly polarized feed with
polarization angle =T

tCy = sin(T)

or

f - 1

for circularly polarized feed

s is the phase of excitation as given by

s = 1 ISYM > 0 (even symetry)

Os = ejo ISYM = -1

0 = sil ISYM = -2 (odd symmetry)

coso
s l ISYM = -3

and gf is the magnitude of the feed pattern which is calculated by the
subroutine FEED.

128



The spherical vector components of the feed pattern are obtained
by

E - cos fx - siny f

Ei  =-sino f + coso fY x Y y

where e and Y are the spherical coordinate angles in the feed coordi-
nate system.

The rectangular components are calculated by

El = cosacosoyEl sinoyElyEx =L Y

Ei = - cos .sino El + coso El

and

E= sin El

The electric field vector is then transformed from the tilted
feed coordinate system to the reflector coordinate system as follows:

Ei = E iX X

Ei  E - sinITEz
i = osoTE

Ez = si cOS TE 1
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FLOW DIAGRAM

FPOL (EIX,EIY,EIZ,PSA,PHI)

INPUT VARIABLES

PSA (0) Theta coordinate of the observing direction
measured from the feed axis.

PHI (0 ) Phi coordinate of the observing direction
referred to the tilted feed system.

OUTPUT VARIABLES

EIX, EIY, EIZ X,Y,Z components of the electric field of the
feed referred to the reflector coordinate
system.

Does input feed
YES pattern have even NO

symmnetry? (ISYM>O)

Calulae the phase
Ifor feed patterns
witodd ymmetry.

Calculate linear
,polarization pattens
FX and 'FY.

ISO



Calculate spherical and rectangular
vector components of the E-field
of the feed.

Transform the rectangular components
of the E-field from the tilted feed
coordinate system to reflector coor-
dinate system.

RETURN i
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KEY VARIABLES INPUT/
OUTPUT

CX (Cx ) Polarization parameter for x-polarized
feed. (I)

CY (CY) Polarization parameter for y-polarized
feed. (I)

EIP (E') PHI component of the electric field in
uOy the feed coordinate system.

EIT ,Ei ) THETA component of the electric field0a in the reflector coordinate system.

FX (fx) x-polarized feed pattern.

FY (fy) y-polarized feed pattern.

GF (gf) Feed pattern value calculated by sub-
routine FEED (I)

PHASE (¢s) Phase of feed pattern

CODE LISTING

I SUBROUTINE FPOL(EIX,EIY,EIZ,PSP,PHI)
2 COMPLEX CJ,EIX,EIY,EIZEIP,EIT,PHASF,FX,FY,CXCY
- COMPLEX TEMP
4 COMMON /PIS/PI,TPI,I)PR
5 COMMON /COMP/CX,CY,GF,PHP, PHO,KXKYISYM,SINTCOST
o CO MiMOIf/' EST/LI) EBUG,LTEST, NTEST
- LOGICAL LI)EBUG,LTEST
8 CJ:(O.,I,)

9PSI=PSA
I{0 IF (NTEEU.GT.0) WRITE (6,1) PSI,PHI,SINT,COST
II 1 FORMAT (/T1P),DEBUGOING FPOL SUBROUTINF',/T15,4F1

I 1.3)
12 Ii- (ABS(PSI-(,0.).LT.0.00I) PSI=89.9
13 PSIR=PSI/I)PR
14 PHIR=PHI/DPR
15 5INS=SIN(PSIR)
1. COSS=COS (PSJ 11)
1I. SINP=SI (PHIR)
18 COSP=CO. (PHI 1)
19 PHAS 1-= ( I. ., 63. )

2 i IF (ISY..CF.v) (30 TO 8
21 IF (ISY,+2) -,.,2.
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23 PH A SIF=RiHFCJ*P
2.1 (30 '10 (1

21) 4 kEl-=co'SP/ARS (COSP)

2-1 (30 10 8
2h 6 PHASl:=CEXP(CJ*PHIR)
29 83 FX=CX*PFiFtEi*GI-

30 FY=CY*PP-ASF*(;F
31 EIX=u'A.90.)
.32 I =0 , .

o4 EIT=-C0SP*.)
35 EIP=-SohP*FX

3o IF1k (iY.EOA) (;0 TO W~

4 1 El P=EI P4+COSP*I-Y
42 20 CONTINUEF

4 " EIX=-COSP*C0SS*EIT-SIP!P*FIP
4,4 El Y=-SI NP*C0SS*EIT+COSP*FI P

.q5 EIZ=-SINE*Efl
40 I F (SI N1 U . 0 1 ) (30 TO 21)
-41 TFMP=COST*El -SI rJT*EIZ

4b ~ElZ=SINT*E-I Y+C.OST*EI Z
49 EIY=TEMP

50 25 CONTINUE
51 IF (r4TF I.E0.0) GO TO 40~

5 -3 FORMAT (/T10,-'PSA =-,FS.2.5X,'lPGAY. =',FR.2,/3(Tl-0.2F)P,.4,/))
54 40 RETURN

-;t) END
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FUNCTION FRNELS

PURPOSE

To compute the Fresnel integral,

f(Xs) = s e-/ 2 u2 du = C(xs) - j S(xs).
0

METHOD

The integral is evaluated using an approximation by J. Boersma[8].
The integral

f(x) x e t dt

is approximated as follows:

for O<x<4 f(x) = -jx x (an+bn) (Ln=O

for x>4 f(x) ! . + e - Ix I (cr+jdn)
2n=O

(the constants an, bn, cn and dn are provided by Boresma and are defined
in data statements in the subroutine).

Note that by performing a change of variable, the integral to be
solved becomes of the form of the integral which Boersma solved;

u2 "t U

By applying this change of variable, we get

xs  -j Iu 2  x -jt

f(xs) =f e 2 du =f e dt
0 o 27r

where x = xz .

2 s
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FLOW DIAGRAM

FRNELS (C,S,XS)
INPUT VARIABLES

XS upper limit of integration
OUTPUT VARIABLES

C real part of solution
S imaginary part of the solution

Specify constants A,B,CC,D

--I
Evaluate integral using
appropriate approximation

Return !

KEY VARIABLE

B} Constants used in evaluating integral

D

FI Imaginary component of summation function

FR Real component of summation function
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CODE LISTING

SUkUTN FNLSgS.'

C!!! THIS IS THI: tN;ESNEL. INTEGR~AL SUBROUTINE WHERE THE INTEGRAL IS FROM
4 C!!! U=O '10 X5, THE INTEGRAN) IS EXP(-J*PI/2.*U*U),AN) THE OUTPUT IS

0 C!!
LOGICAL -ULizLUG;,IlkFST
COMM 0Ni/TESTE/L1)E'-lGLTh ST. lfE ST
CUMMON/PIS/PI TPI DIPRi
COW) ON lOUY/NW

DIMENSI I O /2I (2)C (I)0(2

I I-)LDATA iB/- * 1'Cl O.33, 4.255387 52A , -(. ~i I £ 11,-7. 780(1204V* -- . WA952

I I &0,-0-2 10I9tS2Y,..0I9547(3I/
I ,DATA CC/X,!, -v.1,V37,,.ti V96i.O.57,5..0C699,OV

20 &3,0.00233939/

2 oo tib 598,- 1; ~, 0. 08 38 386/
24 GH5L.0 O 1'0 41A

21) X=XS
20 X = FI*X*X/2.',

26 1- 1 A0.;!

I( X- .V 10, I4

K(=K- I

ib Lw IFOi-4C I0302
-. 0 F=i+( 3)

I3



- w4

4s Sao t) ( Ui WS .I r; (3107 2 9

1) tk.3 OIIMA1' (/,I TI:STING FRNEL-S SIJfkOUT'i')

I.) 2 tTURNd
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SUBROUTINE GEOM

PURPOSE

To approximate the reflector rim by straight segments and to
calculate the unit vectors for each segment. Also the permissible
range for the diffraction angle Bo for each rim segment is determined.

REFLECTOR RIM

ME 4

RIM lI X

L RIM NE

DL

PROJECTED RIM
SECTION

Figure 1. Illustration of subdivision of a reflector
rim into straight segments

AP
Av.N.

VP 2V
, VN

2

F

Figure 2. Unit vectors associated with
the reflector rim.
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49 I

*"CORNER ME

XME

V

flo -*-EDGE ME

Vil 9 CORNER ME*IXMEI

SOURCE LOCATION X,

Figure 3. Geometry for determining diffraction
angle range.

METHOD

a). Subdividing the reflector rim into straight segments

To ensure the focus of the parabola lies in the far field of the
reflector rim, the section of the reflector rim between each pair of
input rim points RIMNE and RIMNE+l is subdivided into K straight seg-
ments. The integer "is obtained by the formula

I DL
K = It IR- + 1

where DL is the length of the projected rim section on the aperture
plane and RIML is the approximate length of a straight segment which
is defined in the main program.

The coordinates of the new rim points, as shown in Fig. 1, are calcu-
lated by

X(ME+L,N) = RIM(NE,N) + L x DEL(N)
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where

L=1-1, I=1,2,----K is the number of segments in rim section NE

DEL(N) is the length of each rim segment and

N=1,2 representing the X and Y components respectively.

The Z coordinate of the rim point ME is given by

X(ME,3) = X(ME,1) 2+X(ME.2)2  _ Z-

where F is the focal distance and Z' is the coordinate of the vertex
of the parabolic reflector.

b). The unit vectors

The edge unit vectors are found by

XME+l XME

ME - ME+IAEI

The unit normals are determined by considering that the normal vector
of each rim edge is also normal to the parabolic surface for the limit-
ing case. Since the diffraction point is not determined until all the
unit vectors of that edge are found, the normal at the midpoint of an
edge is used to approximate that at the diffraction point. Thus, as
shown in Fig. 2

A -^VNME = - p sin t + zcos

where

P = x cos# + y sin*

Note that o and * are the spherical coordinates of the midpoint with
respect to the source point XS and are given by

4 tn I VI
Stan -I (-V Mz _)
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and

* = tan-l M x

( )
where

XME+I +XME

VIM = 2 XS

The unit binormals are obtained by

A
VPME = VNME x VME

c). The permissible range for the diffraction angle.

The law of diffraction dictates that diffraction from a plate
edge is possible when

cosB2 < cos o <_ cosB1

where ao is the angle that the incident and diffracted rays make with
the edge (see Fig. 3). $1 and B are diffraction angle limits and are
defined in terms of their cosinei as:

A
BD(ME,I).= cosO1 = VII.V

A
BD(ME,2) = cos02 = V12*V

where

x ME- SIXME-XSI

XME+I-Xs
v I E+ I XS l
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FLOW DIAGRAM

GEOM(NRIMRIMLRIM)

INPUT VARIABLES

NRIM Number of input rim points

RIML Maximum length of straight rim segments

RIM Coordinates of input rim points

(a)

Loop through all input rim points RIM
NEi1, NRIM

Calculate the projected rim length DL

Determine the number K of segments
that the input rim section is to be
subdivided

Divide DL into K equal sections and
calculate the coordinates X of the new
rim points on the reflector surface

, (b) I

I Loop through all rim points X
ME1, MRIM
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Calculate the edge unit vector V, the
vectors from the source point to the
midpoint of the edge VIM, and to the
corner VIC

Calculate the spherical angle coordinates
PSIR and PHIPR of the midpoint XM, then
the unit normal vector VN

I
[ Calculate the unit binormal vector VP

(c)

Loop through the rim points X

ME=I, MRIM -

Loop through both segments common
to rim point ME, J=l,2

i I
Calculate the bounds on the permissible
range for the diffraction angle by taking

the dot product of unit vectors VIC and V
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KEY VARIABLES INPUT/
OUTPUT

BD Bounds for diffraction angle (0)

DEL x and y components of the subdivided
segment length

DL Projected rim segment

DSQ Square of DL

K Number of straight segments into which
an input rim section is subdivided

ME Loop index of subdivided rim points X

MRIM Total number of subdivided rim points

NE Loop index of input rim points RIM

NRIM Number of input rim points (I)

PHIPR () PHI coordinate angle of the midpoint XM
with respect to the source point in radians

PSIR W THETA coordinate angle of the midpoint XM
with respect to the source point in radians

RMC Incident ray path length at the corner (0)

RMM Incident ray path length at the midpoint
XM of a straight edge

THNR (s) Half angle of PSIR

V X, Y and Z components of the edge unit vector (0)

VIC Stored X, Y and Z components of the incident
ray vector at the corner for all edges (0)

VIM X, Y and Z components of the incident ray
vector at the midpoint

VN X, Y and Z components of the unit normal
vector (0)

VP X, Y and Z components of the unit binormal
vector (0)
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X X Coordinates of the new rim point ME (0)

XM Coordinates of the midpoint of edge ME

ZOP Z-coordinate of the vertex of the

parabolic reflector(I

CODE LISTING

I SUBROUTINE GEOM(NRIM,RIML,RIM)
2 C
3 DIMENSION RIM(67,2),VI (3),VIM(67.3),RtAM(67),DEL(2)
4 LOGICAL LDEBUG;,LTESIql

t). COMMON /GEOMI/X(67,3),V(67,3),MRIM
0 COMMON /GEOM2/VP(67,3),VN(67,3),BD(672),VMAG(67),RMC(67),

I 2VIC(67,.3),XM(67,3)
8 COMMON /FOCAL/F,ZOP
9 COMMON /DIM/MDRIM
10 COMMON I/SOR I PF/XS(3)
11 COMMON /PIS/ PI TPI,1DPR
12 COMMON /OUTNWV
13 COMMON /IESTf/LDEBUG,LTEST, NTEST
14 IF (LLWLUG) Ih?ITE (NW,2)
15 2 FORMAT (/T5,'DEBUG3GING SUBROUTINE GEO'4',//)
16 C
I - C * APPR~OXIMATE ThiE CURVE EDGES BY LINE SEGMENTS *
38 C
19 ME=0
20 DO 22 NE=1 ,NRIM
21 NEP=NE+i
22 IF (NE.LC.NRIM) NEP=1
23 DSQ=0.
24 DO 5 N=1.2
25 XX=RIMQrIEP,1J)-RIM(NE,N)
26 5 DSO=DSO4YX**2
27 DL=SORT(DSO)
28 K=D)LIRIML+l
2Y IF (RIML.1-E.0) K=1
30 IF (LI)HLUG) IHRITE (6,8) NE,D)L,RIML,K
'-1 8 FORMAT (/T10,4HNE =,I2,5X,4HDL =,2FB.2,5X,3HK =,12,I)
32 DO 10 N=1,2

33 i DEL(N)=(R IM(NEP,N)-RIM(NE,N))/K
34 DO 20 I=1,K
.35 L=1-1

3o ME=ME+I
31 [IF (ME.GT.MDRIM) GO TO 50
.38 DO 15 N=1,2
39 15 X(ME,N)=RIM(NE,N).L*DEL(N)
40 X(ME,3)=(X(ME,I)**24X(ME,2)**2)/(4.*F)-Z/OP

145



41 IF (LIJ~bUG) h4?ITE (6,18) ME,(X(ME,N),N=1,3)
42 18 FORMAI (115,5F10.3)
43 20 CONTINUE
44 22 CONTINUE
45 MRIM=AH
46 C
47 C!!! DETERMINATION OF EDGE UNIT VECTORS
48 C
49 ?EX=MRIM

50 DO 38 ME=1 ,MEX
51 MME=ME+I
52 IF(IAME.CT.MEX) ?,ME=1
53 VM=(o.
54 VMJ.
55 VMC=0.
56 DO 25 N= 1,3
57 V(ME,N)=X(lVMF,N)-X(ME,N)
58 XM(ME,N)=(XUlME,N)+X(M,r))/2.
59 VIM(ME,N)=XM(ME,N)-XS(N)

00 ~VIC(ME,N)=X(MFN -XSuN)
61 VMM=VMM+VIM(I-IE,)*VIP.(MF,N1)

62 VMC=VMCVIC(XF,'v)*VIC('AE,N)
0 3 25 VM=V M+ V( 1VE ,N') *V ( '11 ,IN
04 VMAG(ME)=SQRT( VI)
65 RMM(ME)=SORT(VlP!)

66RMC (ME) =SORT (V PC)
07 28 FORMAT (T10,2F12.4)
68 11~- (LDEbUG) UITE(WV, 30) 'III
069 30 FORMAT (/T8,41iIMkE =,12,4X,3P4VIM,7X,311VlC,/)

116 DO 32 N=1,3
ii VIM(M,N\)=VI?/(ME,NJ)/RA;AI('iE)
12 IF (LI)E[UG) VNUTE (NV,28) VIlMAE,N),VIC(ME.N)
73 32 V(ME,N)=V(MF,N)/VAG(ME)

7~ C *****CALCJLATH* THE NORIIAL VFCTOb'S OF THE E)E *
7o C

'J'l PSI IR=FTAN2 ( SOR~T( VIM( ME, I )**2V I M (ME, 2) **2) ,-VI 'IC ME ~,3
78 PHIPR=BTAN2(VIM(ME,2),VIM (ME,1 ))
79 PSI=PSIH*DPR

80 PHI P=PHI PI*DPR
81 S I N PP= SI N 1( PHI 11)
b2 COSPP=COS( PHIPR)
81- THNk=PSII?/2.
b4 SI Nk = .I NCTNR)
85 COSR-=CC) (T!N R)
86 VN (M[-, I ) =-SI N?*Co~lWPr
87 VN(IV.F, 2) =- II'1 1 NI11)
88 VN (M F.3 )=C CSR

89 VNM=0.
Yo DO 34 N= 1, 3

Y1 I d VNIA= VNM+ VIN 01 V,.N) *VN(1 ,!1
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DO 3,j N=1 ,3
"t)5 VN OF , N )=V N ('Ui, tp1V~

95L
YO~ (i ! E'i'Ha.I11A± 10!! OF LINI VECT'OR FOR PAY FIXED COORDI"ATE SYSTE!?.

VP (M: L, 2 )=VIJ(tMi: , )*V C , I )-NCMI ) *V (h,3)
I lv VP(Nil:, 3) =V(MF, )* V UL, 2)-VN(E-, 2) *V( F, I

1062 2N=1,3)
1163 ~O FORMAT (T-10,21-I12.4)
1064 li- (LDFEIIJC; ) V:N ITE (NW,3i .E MC

105 FORMAT (/T0,1HMM =,F7.3,5X,5fllPC =.i-7.3,/)
106 38 CONTINUE

108 C!!! D)ETERMINATION OF PiEHI~SAPLE'- .?ANGF F~fk VIFtRHACTION ANGLE
109 C
110 DO 45 ME=I,MEX
I. I VME-0.
112 1)0 40 N= 1, 3
I11$ VI(N)=X(PE,N)-XS(tJ)
H14 406 VME=VMIH+VI (N)*VI (N)
115 RME=SORTl(VME)

116 O4 J=1.2l-

118 IF(MJ.ILG.0) MJ=mIX
I1I19 BD(MJIJ)=k).
12 U DO 41 11=1,3
121I 41I BD(,MJ,J )=F,.I(?,J ,J )+V(MJ ,N )*VI (N )/RME
122 45 CONTINUE
123 RFTUiifl
12 1 50 MkIM=MHE
12 t) RETURN
126 ENDf
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SUBROUTINE GRID

PURPOSE

To set up a rotated coordinate system such that the aperture
integration for far field results can be carried out efficiently. This
subroutine is also used to set up the principal grid which is used for
aperture field calculations and aperture integration for near field
results.

Y3

P7 P6

S max

Fiur 1.Roaedgrd

Xmin

' D XMGX

PI P4

I2 = I000000o P3

IMIc I

Figure 1. Rotated grid.
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YY

4! \\'

X W

Figure 2. Coordinate transformation from principal
rectangular grid to rotated grid.

METHOD

The rotating grid method sets up a nonorthogonal rotating grid
as shown in Fig. 1 by rotating the principal Y-axis with 0 such that
the y-integrations are independent of e. Consequently, the far field
pattern in the plane perpendicular to the y-axis is reduced to a one-
dimensional integration.

The coordinate transformation from the principal rectangular
grid (X,Y) to the rotated grid is shown in Fig. 2 and is given by

x = X + Y tan€

and

y = Y/cos€.

The rotated grid sizes are expressed by

dx = DX

dy = Dy/coso.

Note that the rotated grid size d becomes quite large if the
rotated angle is close to 90. This ma; affect the accuracy of the
result. Consequently, the rotated angle is restricted to be not
greater than 450. Thus, for PHI cuts in the interval (450,135°), the
x-axis is effectively rotated instead of the y-axis. This is done
indirectly in the code by transforming rim points such that the x- and

149



y-courdinates of the rim points are interchanged and the indices are
adjusted to stay in a counterclockwise order. Then the new y-axis
is rotated by an angle 90°-0 which is less than 450. For PHI cuts in
the other quadrants, a similar procedure is followed. To implement the
interchange, two integer parameters related to the quadrants are used.
These parameters are defined as

KQUAD = Integ. (o++450)/g0

and

LQUAD = Integ. KQUA12

where 0+ is the positive angle expression for 0, i.e., O<+<3600. Then
the interchange parameter, given by

CHG = (-1) KQUAD

is defined in such a way that a rim point transformation takes place
when CHG<O. Note that the rotated grid sizes are also interchanged
when CHG<O, i.e.,

dx = Dy

dy = Dx/coso

Values assigned to KQUAD and CHG are shown in Fig. 3.

In order to maintain the correct aperture distribution over the
transformed antenna aperture, the array of the aperture fields is
transposed at the same time as an interchange of the x- and y-coordi-
nates of the rim points.

Note that the parameter LUAD is used to correct the sign of the
phase path of the x-integration. The phase variable associated with
LQUAD is given by

PG = kdxlcosJ(-1) 
LQUAD

In setting up the rotated grid the coordinates of each rim point
Pk are first transformed to rotated grid coordinates (xkyk). Then
the reflector rim is separated into upper and lower rim sections by
finding the rim points where x is minimum and maximum, respectively.
Furthermore, the "vertical" grid lines of the rotated grid system are
numbered from 1=1 to I as shown in Fig. 1. The index of the origin
(IC) is also calculatea for future use in the main program.
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KQUAD'l

(CHG=-fl

KQUAD=O a

KQUAD= 2  (cHG='I) -x

(CHG=+1) KQUAD24

KQUAD=3

(CHG=-1)

Figure 3. Quadrants for interchange parameters.
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FLOW DIAGRAM

GRID(PHI, IC, IMAX)

INPUT VARIABLES

PHI () Rotation angle

OUTPUT VARIABLES

IC Index of the "vertical" gridline passing

through the origin

IMAX Index of the rightmost "vertical" gridline
inside the aperture

1
Express PHI as a positive angle
and calculate parameters
KQUAD, LQUAD and CHG

Adjust PHI such that rotation
is never qreater than 450

Interchange

YES change arameter sameNO

I Taoea per,!tu re1
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Calculate phase variable PG

Transform the rectangular grid coordinate
system to the rotating grid system

IFind the indices of the leftmost
Iand rightmost rim points MIN
and MAX, respectively

_____________________________I

Sep arate rim points into upper[anrd lower rim sections

[ Find the maximum and minimum
coordinates of the rim points
XMIN, XMAX. YMIN and YMAX

RETURN
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KEY VARIABLES INPUT/

OUTPUT

CHG Interchange parameter

CLRIM Coordinates of lower rim points

CURIM Coordinates of upper rim points

EA Aperture Field Array (I)

GRDX (dx ) Rotated horizontal grid size (0)

GRDY (dy) Rotated "vertical" grid size (0)

GRIDX (DX) Principal horizontal grid size (1)

GRIDY (Dy) Principal vertical grid size (I)

IC Grid index of the origin

IMAX Maximum grid indes of "vertical" grid lines
after rotation

KQUAD Integer parameter to determine if an inter-
change of x- and y-coordinate of rim points
is required

LQUAD Integer parameter to specify the sign of the
phase argument for x-integration

MAX Index of the rim point with maximum x-coordinate

MIN Index of the rim point with minimum x-coordinate

NLRIM Number of lower rim points

NRIM Number of input rim points

NURIM Number of upper rim points

PCHG Previous value of CHG

PG Variable used for phase argument (0)

POS (c+) Positive angle representation for PHI

RIM Coordinates of input rim points (1)

XMAX Maximum x-coordinate of all rotated rim
points (0)
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XMIN Minimum x-coordinate of all rotated rim
points (0)

YMAX Maximum y-coordinates of all rotated rim
points (0)

YMIN Minimum y-coordinates of all rotated rim
points (0)

CODE LISTING

I SUBROUTINE GRID(PHI,IC,IMAX)
2 DIMENSION RIM(67,2),CP(67,2),CL-RIM(67,2),CURIM(67,2),MIN(2).MAX(2

COMPLEX CJ,DUMMY,EA(2,50i,50)
4 LOGICAL LDEE3UG,LTEST
5 COMMON /GRIDI/GRIDX,GRIDY,EA
6 COMMON /GRID2/CJ.CLRIMCIJRIM,RIM.PG,XMIN,XMAX,YMIN.YMAX,

-I 2NLR I h,NUR I M,rHDX GRry, ACOSP, TANP, PCHG, MAX0,NRI M
8 COMMON /TEST/LDEBUGLTEST,NTEST

S, COMMON /PIS/PI,TPI,DPR
I k; COMMON /OUT/NW

1i DATA DEL/04d0l/
12 IF (LTEST) WRITE (NW,3)
1I . .3 tFRMAT (/T5,',TESTING SUBROUTINE rRID',//)
14 DO I K=I,NRIM
15 CP(K.l)=RIA(K.1)
l0 CP (K(,2)-RI M(K, 2)
I-/ 1 CONT1INUE
18 Gitl)X=Gj'Rl)X

Is,(;k[)Y=GRIDY
2k) SIGN=1.
21I POS=PHI
22 IF- (P1I.GE.0.) GO TO 2
23~ SIGN=-].
24 POS=PHI+360.
2b 2 KQUAD-(POS+45.)/90.
26 LOUAD-KOUAD/2
27 CHG= (-I . )**KOUAD
28 IF (CJIG.GT.0.) GO TO 6

2S, DO 4 K-1,NRIM
361 KP=NRIM+ I-K

31 CP(K,I)-RIM(KP,2)
.2 CPC(K,2)=RIM(KP I)

14 CONTINUE
34 TEMG=GRL)Y
.5 GRDY-GRDX
30 Gkl)X-TENO
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8h PH I=SI GN*( 90.-ABS( PH I)
-957 6 Ik (P3CJJC*CHG.GTd.) GO TO 12

4 W MTI=MAXO- 1
41 DO 11 NI=112

DO 10 K=l,MT
43 IT=K+i

44 DO 10 JT'=I,1(
4 ) ~lDItMIY=E (NI JT, IT)
40 EA(NIJIIT)=EA(NI,IT,JT)

41 EA (N 1. 1JT) =DUMMY
48 10m CONTINUE
4S, 11 CONTINUE
wIo 12 PHWk=PHI/DPk
51 ACOSP=ABS(COS(P11II))
52TANP=TAN (P-Ilk)
53 GRDY--GRDY/ACOSP
54 PG;2.*PI*A13S(ACGSP)*GHOX*(-1 )**LOIAD

PCHiG=CHG;
6 It; (LTEST) WIRITE (NVI,18) GRDX,GRDY

57 18 FORMAT (TI01,7[fGRDX = ,F5.2,5X,-iHC;RDY = F5.2.0 WAVELENGTHS',

59 C*COORDINATE T1RANSFORMATION*
00~ C
G1 00 201 K=I,NRIM4

02CP(K, I)=CP(K, I)+CP(K,2 )*TANP
63 CP(K,2)=CP(K,2)/ACOSP

64 20~ CONTIN11h
UP(N(ILM+1o I )=CP( 191 )

CP (NRI 1,1 2) =(P( 1.2 )
07 (;11(!-I?IM+2, I )=CP(2, I )

* cP(NfilM+2,2)=CP(2,2)
09 tiX=O1
0 MN=0
7i IN=i
12 ~NI=Ni? IM

Ilk- (CP(2,I).NE.CP(I,I)) GO TO 2)
IIJ=2
NL)=NRI M+ 1

i621 DO) 25 I=IN,NI)
[OX =CP( 1+1, 1)-CP1, 1)

18DX2=CP( 1+2.1 )-CP( 1+1, 1)
757 IF (A13S(DXI).LT.0 1.OR.ABS(flX2).LTd..1) GO TO 22

b0 IF (L)X*DX2.GT.O.) GO TO 25
b1 22 1 F (DX I. GT.DX2) Go TO 24
d2 MN-MN+I

83 MINCMN)nI+l
4i4 GU TO 25
85 24 MX=MX+I
86 MAX(.fX)=1+ I

b, l CONTINUE
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t~C;*FINDI UPPER AN LWRIMPINT STS

91 IF (MN .EQ. 1) MIN(2)=MIN(I)
92 IF- (MX .EQ. 1) MAX (2 )=MAX( I)
91. NLRIIM=MAX( I )-MIN (2)+ 1

9,4 IF (NLRIM .LE. 0) NLRJM=NLRIM+NRIM
95NURIM =kfIN(1)-MAX(2)+I *

90) IF (N'JRIM .LE. 0) NURIM=NURIM+NRIM
97 DO 30 K-1,NL-RIM
Svb I=MIN(2)+K-1
Sly IF (I GCT. NRIM) I=I-NRIM

Iv'iCLRIM(K,I) =CP( I, 1)
1 r.2 (6 CONTINUE
10i3 D)0 32 K=i,NURIM

I WA I=Mit4( I )-K+I
IV15 IF (I .E. 04) I=I+NRIM

I Vo CURI M(K, I ) =CP( 1, 1 )
10-1 CUR I M(K, 2) =CP(1, 2)
1083 --2 CONTINUE

109 IF (.NOT.LTEST) GO TO 38

111 .35 FORMAT (//TIO.,'LOWER RIM POINT COORDINATESO,//)
112 WRHITE (NW,33) (K,(CLRIM(K,I),1=1,2),K=,NLRIM.)
H13 WJRITE (NW,37)
114 37 FORMAT (//TIO,-'UPPER RIM POINT COORDINATES',//)
115 WJRITE (NW,33) (K,(CURIM(K,I),I=1,2),K=1.NURIM)
Ilo 33 FORMAT (20(T10,I5,2Fl0.2,/-))
11-/ 38 CONTINUE
118b GRSO=GRDX*G[RDY
I Is YMIN-CLkIM( 1 2)
12 k) YMAX=CURIM(I ,2
121 NI=NLRIk-l
122 DO 401 K=i,NI
12 .3 YLKP=Cl-klM(K+I,2)
124 YlUK P--CUh I M(K+ 1 2 )
12 ) IF (YUKP.GT.YMAX) YMAX=YUKP
12 c IF (YLKP.1-T.YMiN) YMIN-YLKP
12-1 40 CONTINUE
128 XM I N-CL kI M( I , I
129 XMAX-CLRId'(NLRIM,1)
13oi FIC=-XMIN/C3RDX+DEL
i131 IC=FIC+I
1'32 IF (FIC.L-T.-I.) IC-IC-I
1 .3 FI=XMAX/GRDX+JEL
1.34 IMAX=FI+IC

135 IF (1-TEST) VWRITE (NW,50) XMIN,XMAX.YMIN,YMAX
13 6 50 FORMAT (T5,6HXMIN -.FlI4.3,5X,6HXMAX -,Fl0.3,/T5,6HYMIN =

137 2FI0.3,5X,6HYMAX =,F1O.3,/)
138 RETURN

139 END
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SUBROUTINE GTD

PURPOSE

To use the Geonmetrical Theory of Diffraction (GTD) to calculate
the edge, corner and slope diffraction fields in the wide angle side-
lobe and backlobe regions for the reflector antenna patterns. For near
field calculations, GTD is sometimes used for the whole region including
the near axis region if the near field points are close to the aperture.

METHOD

This subroutine calculates and sums the diffracted field contri-
bution for each rim segment. If the contribution for a rim segment is
expected to be negligible, the subroutine skips to the next rim segment
without further calculation. The subroutine uses BDLOW and BDHI for
this test as discussed below. To determine if the diffraction from rin,
segment ME is significant, the cosine of the diffracted cone angle Bo
is calculated by taking the dot product of the edge unit Q and the dif-
fracted ray unit vector d, and then is compared with the upper and lower
bounds BDHI and BDLOW, respectively, of the diffracted angle. The dif-
fraction contribution from rim segment ME is added only if

BDLOW < DV < BDHI

where

DV = d-V = cos~o

BD(ME,I) if edge diffraction only

tIDLOW =
BD(ME,l)-O.5 if corner diffraction included

BD(ME,2) if edge diffraction only
BDHI =

BD(ME,2)+.5 if corner diffraction included

and BD is defined and calculated in subroutine GEOM.

Note that for the near field, the unit vector a is approximated for this
purpose by taking the midpoint XM of the edge instead of the diffraction
point XD which is calculated next.
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1.

1. If the contribution from the rim segment is significant, the
coordinates of the diffraction point Xp are computed by calling sub-
routine DFPTWD. The diffracted ray unit vector a for near field is
recalculated by using the actual diffraction point XD as

d= XN-XDI

where XN is the near field point.

If the diffraction point lies on the rim segment as shown in Fig. la
(LDIF=true), both edge diffraction and corner diffraction are included
and the incident vector VI is calculated to the diffraction point XD.
If the diffraction point does not lie on the rim segment as shown in
Fig. lb (LDIFfalse), there ar% only contributions from corner diffrac-
tion and the incident vector VI is calculated to the nearest corner.

The incident and dlffrAction angles are calculated by using the
orthogonal unit vectors V, VN and V of the rim segment ME. These unit
vectors are computed and stored by subroutine GEOM. The incident and
diffracted PHI angles* are given by

= tan-

and 
-VI VPI

and

tan ' l A)

Note that the diffracted field from one rim segment is shadowed by the
reflector over a certain range of e as shown in Fig. 2. The subroutine
will skip to the next rim segment if e falls in this range, i.e., if

o>O and O>OB

where OB is the diffracted shadow boundary angle calculated in sub-
routine SBDY.

I. *Note that f and *' are used in this section for the wedge diffraction
angles as shown in Fig. 3a. They should not be confused with the phi
coordinate angles PHI and PHIP which represent the field point and
the feed observation directions, respectively.
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d

Vdv vi

ME A X0 ME+Iv M+
(a)

a) Diffraction point inside the edge (edge
diffraction + corner diffraction).

xs

VI
N d

c1%8
ME ME+I XD

(b)

b) Diffraction point outside the edge:
(corner diffraction only).

Figure 1. Geometry for edge and corner diffracted fields.
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/I

/ REFLECTOR SURFACE
\ I
\ I

SEGMENT ME

Figure 2. Geometry for diffracted shadow boundary
for rim segment ME.

If o is outside this shadow region, the unit vectors € , q,
and oo of the ray fixed coordinate system are calculated. These unit
vectors are defined by

A A
= -VP sine' + VN cos€'

A A
€ VP sin. + VN cos€

00o  x VI

and

o= Xa

as illustrated in Fig. 3.
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A

A/

REFLECTOR g

V1

xS

(b)
Figure 3a,b. Geometry for three dimensional

diffraction of a half plane.

To determine the incident field at the diffraction point XD, the
spherical coordinate angles PSI and PHIP corresponding to the feed pat-
tern direction are calculated. Then the feed pattern value incident on
the diffraction point is calculated by calling the subroutine FEED.
The rectangular components E, Ei and El of the feed pattern are then
calculated in the subroutine FPO. These are then transformed to per-
pendicular and parallel components Ei and El in the ray fixed coordi-
nate system.
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For slope diffraction the slope of the incident field at the
diffraction point XD is used. The slope of the incident field is
calculated from two adjacent values of the feed pattern. The per-
pendicular and parallel components of the slope of the incident field

iiE /an and aE,/an are calculated in the same way as for the incident
field by using the subroutine FPOL.

The distance parameters L and the spread factors A(S) of the dif-
fracted fields are given below.

For far field

L = S' sin 28o

and

A(S) = S~

For near field

L = VSS sin 2
00

S+S'

and

A(S) =j S~

where

00 = sin- 1 laxil is the half diffracted cone angle (see Fig. 3b)
and

S' and S are the distances from the diffraction point to the
source point and the field point respectively.

For corner diffraction as shown in Fig. 4, the spread factor Ac(S) I
has the form of a spherical wave, since the corner is treated as a -S

point source to radiate the corner diffracted field. The distance
parameter is given by

I.
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xs

SOURCE
POINT

C SS RECEIVER
x LOCATION
N

Figure 4. Geometry for corner diffraction problem
for near field.

LC = SC for far field

LC = ScSs for near field

where SC and SS are the distances from the corner to the source point
and the field point, respectively.

The corner diffracted field also depends on the corner angles
sc and oc (see Fig. 4) as defined by

A A

acos'1 IvVMcI

and { coslIdgil for far field

cos "  ( N ? , for near field
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where VI is the incident ray unit vector at the corner XME, and is
calculat~d in subroutine GEON.

Two variables which are used in calculating the corner diffraction
coefficients are defined by

DEL(I) = k Lc a(aoc+0c)

and

_j W
CORN(I) c 4 esnjk($c ' ')

2w(cOS~ocsco S ~c) F ikLca(8o+8cIl

e-jkss
Ss

where 1=1,2 representing the first and second corners of the edge ME,
respectively.

Next the subroutine DCHP is called to calculate the edge diffrac-
tion coefficients DsDh; the slope diffraction coefficients aDs/a#,
*ADh/i4; the corner diffraction coefficients Bs, Bh and the slope corner
diffraction coefficients 3Bs/a*', 38h/a#'.

thi,- th ditftTr4 ,e' field is given b)

11 (O EI SIJ A(S) ejky

the slope diffracted field by

(aD~ ad~
ES = a an Aj eky

1EA) af anIIj Ee

the corner diffracted field by
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JE1 BSE 4
BE'J

and the slope corner diffracted field by

a" g
sc3Bh 3E c

where C= jkS'sin~o and y is the phase factor which refers the contri-
bution Trom each rim segment to the origin. The total diffracted field
for segment ME is summued in terms of perpendicular and parallel compon-
ents for that segment as expressed by

D.:Ed+ES+(EC+ESC)ME+(Ec+ESC)E+

The diffracted field from segment ME is then transformed to rectangular
components in the reflector coordinate system so that the total dif-
fracted field from the reflector rim can be sumed.

For near field calculations, the geometrical optics reflected field
must also be included in the total field if the observation point is
inside the projected aperture. The reflected field is calculated by
using interpolation between the aperture field values at the adjacent
grid points (see Fig. 5) as given by

ER [ Ea(M'N) "l -x " D~' + Ea(M+l ,N) A

+ Ea(MN+I) e

where z is the distance from the observation point to the aperture plane.

If the field point is in the spillover region, the feed spillover
field is calculated and added to the total field.

Finally, for far field calculations or for near field calcula-
tion with constant range, the total field is converted to principal
and cross polarized components as referred to the polarization of the
field components from a Huygen's source. Fer near field calculations
with constant z, the field is still expressed in rectangular components.
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Figure 5. Interpolation of aperture field.
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FLOW DIAGRAM

GTD(P31,NGTD,NAI,DP3)

INPUT VARIABLES

P31 Initial field point coordinate for GTD
calculation

NGTD Number of field points using GTD

NAI Number of field points using Al

DP3 Field point coordinate increment

Initializeldata)

for GTD calculation z puNW= 1, NGTB 1

NO ea il YES

alculat ephrca oodnae

FF NFI

Express near field point XN
in x,y,z components foreither constant range or
constant z computation

"'aluate spherical coordinates !

.or near field point XN
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I!

I
I
I
I Calculattee diffractedray

r unit vector Dsed forI far field

Loo trogthelri segmentmdoitX

iNE=], KRIM

FFNO LF> - YES N

Calculate the doffractedI ray unit vector D from
the segment midpoint XM

[ :ate Idot product DV,

Set the diffraction angle limits[BRLOW and BDHI

[ esdfrcto xs NO

I6
Ii169 :
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YES

Calculate coordinates of the diffraction
point XD by calling subroutine DFPTWD

NO LNF YES

NF

FF

Calculate the diffraction

ray unit vector 0 from
the diffraction point XD
and the cosine of the half
cone angle ao

Calculate the distance VMG from
the corner ME to the diffraction
point XD

YES VG<?NOS

NO VMG~edge length VMAG. YES

170

(



1.

Calculate the Calculate the
I.incident ray incident ray

unit vector VI unit vector VI
at corner ME at corner ME+l

Set edge diffraction Set edge diffraction
logical variable logical variable
LDIF to false LDIF to false

Calculate diffraction angles
PSO and PS

Is diffracted field blocke
by the reflector? ME+l

Compute diffraction polarization unit
vectors PHO, PH, BOP and BO

Loop through feed values K=1, KP
(KP=2 if slope diffraction
included otherwise KP=l)

CalclatePSI and PHIP
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Call subroutine FEED to calculate
feed pattern value GFP(K)

Call subroutine FPOL andcalculate incident field
EIPL and EIPR

Call subroutine FPOL and use

two adjacent feed values to
calculate the slope incident
field EIPLP and EIPRP (if LSLOPE)

Calculate
SBOusins%

N FLN YES

Calculate spread Calculate spread
factor AS,*distance factor AS, distance
parameter TPP and parameter TPP and
phase factor GAM phase factor GAM1

s corer dffrationNO

YES
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YES

Loop through both corners
1=1,2

Calculate incident angle BETC

and diffracted angle BETOC
at the corner

Calculate spread factor ASC,
distance parameter RLC and
the phase path difference ZP
for far field

Calculate field point distance
SS from the corner, spread factor
ASC, distance parameter RLC and
diffracted angle BETOC for nepr
field

Calculate variables DEL, CORN
for corner diffraction

Caculate diffraction coefficients

by calIli ng subroutine DCHP

Is LDI trueNO
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Is LSLONOtrue' N

YES

Calculate and add slope

di ffraction fields

Calculate corner diffracted

fields ECPR and ECPL

>_ 
NO

Calculate and add slope

corner diffracted fields

114
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Sum up edge diffracted fields
and corner diffracted fields

Convert diffracted field from segment
ME to rectangular components and add
to total diffracted field

YES LNNO

is field point X ICalculate spherical
inside the reflecte NO components EDP and
shadow boundary? EDT

YES If far field angle is
in spillover region,
calculate and add

Calculate and a;d feed spillover field
reflected field ER
from reflector to
diffracted field

Call subroutine SBDY
to calculate shadow
boundary
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If XN in spillover
region, calculate
and add feed
spillover field

NO Is LRANG true?

YES

Calculate spherical
components EDP and
EDT

Convert EDP, EDT to

principal and cross
polarized components

Express rectangular field Express principal and cross
compoentsin dBand hasepolarized components in D

cponents in dbo and phase and phase by calling sub-

DBPHS and output data routine DBPHS and output data

BSn uNM+t

RETURN
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IiI

1. KEY VARIABLES INPUT/
OUTPUT

AS (A(S)) Spread factor for diffracted field

ASC (Ac(S)) Spread factor for corner diffracted field

BD Bounds of the permissible range for
diffraction angle (I)

BDEL Adjustment to the bounds for corner
diffraction

BDHI Upper bound for diffraction angle after
adjusted

BDLOW Lower bound for diffraction angle after
adjusted

BETC (ac) Incident angle at the corner

BETOC (Boc) Diffraction angle at the corner

BO (Ao) Rectangular components of the unit vector
in the direction of increasing diffraction
cone angle Bo

BOP Bo) Rectangular components of the unit vector0 in the direction of increasing incident

angle B

CBOC (cosBc) Cosine of angle BETC

CORN Variable used for calculating the corner
diffraction coefficients

CP (Cp) Variable used for slope diffraction

CPH (cos€) Cosine of diffraction angle PS

CPHO (coso') Cosine of incident angle PSO

D (d) Rectangular components of the unit
diffracted ray vector

DEL Variables used for corner diffraction

DLVI Increment of the incident ray vector VI
along the normal vector VN

DMAG Diffracted ray path length for near field
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DV Dot product of the unit vectors D and V

EA (Ea) x and y components of the aperture fields (I)

ECPL (Ec) Parallel component of the corner diffracted
field

ECPR (Ec) Perpendicular component of the corner
diffracted field

ED Rectangular components of the total dif-
fracted field from the segment ME.

EDP PHI component of the total diffracted field
from all the segments. Also used for cross
polarization component (0)

EDPL (Ed) Parallel component of the diffracted field

EDPR (El) Perpendicular component of the diffracted
field

EDT Theta component of the total diffracted
field from all the segments. Also used for
principal polarization component (Q)

EDX x component of the total diffracted field (0)

EDY y component of the total diffracted field (0)

EDZ z component of the total diffracted field (0)

ERX x component of the reflected field

ERY y component of the reflected field

EXPH Phase term associated with the diffracted
field

GAM (y) Phase factor for diffracted field

GF (gf) Feed pattern value calculated in subroutine
FEED (I)

GFP Feed pattern values used for incident field
and its slope

KP Loop index for calculating the incident
feed value and its slope

178

i .1



LCORNR Logical variable for corner diffraction (I)

LDIF Logical variable for edge diffraction (I)

LNF Logical variable for near field calcu-
lation (I)

LRANG Logical variable for constant range field

calculation (I)

LSLOPE Logical variable for slope diffraction (I)

P2,P3 Field point coordinates (see User's Manual) (I)

PH () Rectangular components of the unit vector
of the direction of increasing diffraction
angle PS

PHEI Phase term associated with the feed spillover
field

PHGAM (¢y) PHI coordinate of the field point referred
to the tilted feed system

PHI PHI coordinate of the field point

PHIP PHI coordinate of the feed observation
direction as referred to the source XS

PHO (') Rectangular components of the unit vector
in the direction of increasing incident
PHI angle PSO

PS () Wedge diffraction angle (see Fig. 3a)

PSA (0a) Theta coordinate of the observation direction
measured from the feed axis

PSI () Theta coordinate of the feed observation
direction measured from the negative z-axis
of the reflector

PSO (') Incidence angle for wedge diffraction (see Fig. 3a)

RHON (p) Radial coordinate of the near field point XN

RHOS Radii to the reflected shadow boundaries
calculated in subroutine SBDY (I)

RLC (Lc) Distance parameter for corner diffraction
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RR (R) Range to the field point from the origin

S (s) Distance from the diffraction point XD to
the near field point XN

SBO (sin o ) Sine of the diffracted cone half angle

SC (sc )  Incident ray path length to the corner

SP (s') Incident ray path length to the diffraction
point XD

SPH (sinO) Sine of diffraction angle PS

SPHO (sino') Sine of incident angle PSO

SS (ss )  Diffracted ray path length from the corner
to the near field point

TERM Temporary variable for corner diffraction

THEB (0B) Theta coordinate of diffraction shadow
boundary to ppposite side of reflector rim (I)

THETA (e) Theta coordinate of the field point

TPP (L) Distance parameter for edge diffraction

V (9) Rectangular components of the edge unit
vector of segment ME (I)

VI (VI) Rectangular components of the incident ray
unit vector to the diffraction point

VIC (VIc) Rectangular components of the incident
ray unit vector to the corner (I)

VMAG Segment length

VMG Distance from the first corner to the
diffraction point XD

VN (VN) Rectangular components of the unit normal
vector of the segment ME (I)

A
VP (VP) Rectangular components of the unit binormal

vector of the segment ME (I)

X1 X component of the direct incident ray path
for near field
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X2 Y component of the direct incident ray path
for near field

X3 Z component of the direct incident ray path
for near field

XD Rectangular coordinates of the diffraction
point

XN Rectangular components of the near field
point coordinates

XOO Origin of the near field plane cut(I

CODE LISTING

I ~sUkouTINE GTD(P31 ,NGTD,NTHE,DP3)

3 C!!! DETEkMIF'ES 1HE DIFFRACTED FIELD,WITH PHASE REFERRED) TO ORIGI
11%.

4 C!!! FIELD DIFF. FROM EDGE #ME
t) C!!! CORNEt 111FF. IS OPTIONAL FROM INPUT DATA.
o L!!!
7 COMPLEX EA(2,501,5(i),ERX,ERiY,Pi1ER,RFCT
8 COMPLEX CJ.D ,1~Dl,DPS,D)PII,3, B,BPS,EPI

(Y COMPLE--X E:F,EGEDPR,EL)PL,ED(3),3MTi',EDXFrDY,ErDZ.EDT, FP
10 ~COMPLEX EIPRIP,EIPLP.LIX,E:IY,EIZ/,HIT,EI!),CORNI(2),FFCT

I I COMPLEX F--IPL,E-IP,ECPL,ECPI-,PXPHi,CP,Cx4,CY,PHEI
12 DIMENSION kI1GS(2),GFP(2),!)FL(2)

14 LOGICAL LSLOPE,LCORNR,LDW,-;LP)E1Jl,LTST,Lt!F.,L?A!!
IS LOGICAL LFEED,LO1IT,LCP.LV11ITF

10 COMMON /GEOM 1l/X(67,3),V( 67,3-), PFIM
1 - COMMON /GEOM2/VPC67,3),VN(67,3),Rf)(67.?),ViAG-(67),PIC(A7).
18 2VIC(07,3),XY.(67,3)

IV ~COMMON /'FBDV/RHOS
20 COMMON IFO(.CAIJF,ZOP

21 COMM.ON /SORINF/XS(3)
22 COMMON /PI)Y2/fffI J1,TI H EH
23 COMMON /PIR/i(3) ,[IX,FIlY,l--Iz
24 COMMON /NF/IRKY, XoO( 3) DPI F. P2 ,04
25 COMMON/GD/LH)LOJPI; IhCPTSIN, FIhF??
20 COMMON /S/S,),P,~P,[,H IS ~~

2-1 ~COMMON /COtIP/CX,CYGi-;, PhPt, Jii(',, X,KY, I'1Y1'.!3INT1-,CO9TL
28 COMMON /PI S/PI.TPI DPR
2Y ~COMMON /LOGD IF/LSL0Pi-, LCHRNY, LU1F,LUA V
jo COMMO01 /TESil /L)tEBUG, I .kFST, NTEST
J I COMMON /kE&IL/)D, HO.I Cu, JCo

32z COMMON /OR ID I /GR IDX,OR I DY, FA
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COMMON /OUT/NW
34 DATA DLVI/0.02/
3 5 DATA DELT/0.01/
30 c

3d ZO=F-ZOP
38 CJ=(0.9l.)
39 BL)EL=k).
41) IF~ (LCOIINH) BDEL=0.5
41 FN=2.
42 KP=I
4.3 PHP=O.
44 PHQ-90~.
45 IF (LSLOPE) KP=2
40 IF (LDEE.UG) WRITE (NW,106)

4i106 FORMAT (1,P DEBUGGING GTD SUBROUTINEO)
48 IF (LNF) GO TO 1
49 PHI=P2

tm PHIR=1P2/DPH+I .E-4
51 SINP=SIN(PfHIH)
52 COSP=COE.(PliIR)
53 S=RH
54 GO TO 2 5
55 1 SINPE=SIN(PHIF/DPfl)
S)o COSpE=CCF( PfIE/DPR)
5-1 IF (.NOT.LPANG) ZE=P2
58 IF~ (LRANG) PE=P2
5(/ L

No ARITE (NWJ,24V) RHOS( 1) ,RHIOS(2)
61 240 FORMAT (/T12,'TE !?EFLECTFI) SHAD)OW BOUNDARIES INJ THE PHIF',
02 2p PLANE ARE Ai',//120,'kHO$1 =P,t-9.3.5X,AND RHOS2 =-*,r9.3,/

PREVP=3o1.
64 255 P3=P31
o b DO 100 NM= I .NGT)
00 NN=NM+tflHE
cI IF ( NOT.LNF) GO Y0 5
Ob C
09 L ** NEAR FIELD COORDINATE CONVERSION***

11, IF (.NOT.LRANG) GO TO 3
12 THE-P3/DPR

/3 SINTE=SIIN(THE)
74 COSTIE-=CGS( THE)
'iS 242 XN( I)-X(,O( I )RE*SINTE*COSPE

16 XN(2)=XO0(2)+RF*SINTE*SINPE
XN (3=XLo ( 3) +1? 1-COST E

78 IF (IAlEbUG) , ';ITE (N1,205) REP3
79 2f.5 FORMAT (/T1CV,'RI =',FI.3,5X.'T-E --',F7.2,/)

80IF GO(I)N.~.O.N2 .FC.)C TO 4
b3 SI N*I~iSl NTE. L%) I
82 GO '11) 242
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1b8. 3 ZL=P3
84 [)HHO=ZL-HOS( I)
b5 If- (r)RH,.L[-..21.AND.DRIIO.GF.O.) ZL=RiOS(1)-9).05

80DFHO=ZL-PHOS(2) 
'10 2 0b) IF ([D1fHO.LE.e,.2l .AND.DHHIO.G'.O.) ZL=XlS()..7

bb XN( I )=X(C)( I )+ZL*COSPE
b9 XN(2 )=XCUO(2)+ZL*SINPE

XN(3)=ZE
91IF (LIi-AIU) v.irn (NW,3,)2) ZF,P-

93 4 PHII?=iTAN2(XN(2),XN(M)
94 SINP=SIN(PIIIH)
95 COSP-COS (PHI R)
90 k=SO1RT(XN ( I)*X~ ( I )+XN (2)*XN (2)+XN(3)*M (3 )

9-1 ~IF (LUEbUG) Vvl?ITF MN,103) Xr(I1) XII(2) XM(3)
9b COST=XN(3)/dR
S99 llIER=ACOS(CO$cT)

I k~oTHETA=THER*)PP
1061 GO TO 6

10 THETA=P3
1 J- THE1R=THhTA/DPR
1164 U;
1~ob 6 IF ((LTIFST).OH.(LDEBUG)) WRITE (NW.?) THETA
116o 2 FORMAT (/1T2,7HTf ETA =,F7.2/)
1(07 SIr4T=SIV.'*fPR)
I Ob COSTl=COS (THIE?)
1(69 EDX=U4.,w~.)
I 10 EDY=(O.,V..

112 0(1 =SIVI*C0OVP
113 D(2)=SIN7I*SIN'
114 D(3)=COST
I It DO o60 ME=I,MRIM

119o ECPL=(0i.,1.)
1206 MC=MLE+l

121 I(MC.1.M!??/) AC~I
122 IF (.NOI.LrIF) (3 TO0 9
12-, DM AC=0.
124 DO 7 fl=1,3
125 1) (f ) = XN (N:)-YP 14LF , N

12- D LMA=SOI~(I (4'AG)
12 tt ti=MAC
12 ', Ii- C .A)NK; ) POlITE (NV;, 199) DIVAC

I - o DO 8 N
131 8j 1(N)=DU! )/I)IAG
Ii? 9 l)V=2.
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1 - 3DO 104 N=1,3
134 IF (LDLEUG) MITE(NK,1048) D(N)
13!. 10 D)V=DV+D(N)*V(ME,N)
1- 6 BDLOW=BD(ME, I)-RD)EL

* 137 BDH1 =13)(ME,2 )+BDE:L
138 IF (LDELU)) V3?ITE QI1 2) ME,DV,BDLW,3Df11
139 12 FORMAT (/TI(4,I2,' DV=',F8.4.5X.'RDLOWV =0,FFI.4,5X,-'RDHI =,',Ff3.4

140 C!!! DETERMINE IF DIFFRACTION EXISTS
1 41 lJF(DV.LT.BDLOVJ.OR.DV.GT.BDHI)GO 10 60
142 C
343 C!!! COMPUTE EDGE DIFFRACTION POINT
144 C

* 145 CALL DFPTWD)XS,XN,DV,VI,SP,XD,ME)
146 IF (LDE1UUG) KRITE (NW,112) ME,SP,(XSet;),XMM,%E.,N,.XD(N),VH(N),

* 1471 2N=1,3)
148 112 FORMAT (15,5X,4HSP =,FIO.4,IX,2HXS,X,2XM,X,21XD,9X,21!VI,
149 23(/T3(4,4F1(4.4),/)
150r I F (N0I .LNF ) GO TO 14
151 DMAG=4.
152 DO 11 N=1,3
153 D(N)=XN(N)-XD(tl)
154 11 DMAG=DMAG+D(I,)*D(N)
155 DMAG=SORT(DMAG)
156 S=DMAG
157 IF (LDEbUG) V-HITE (Nh,I99) OMAG
158 199 FORMAT (/T1(4,ODMAG =-*.F3(.3./)
1 59 DV=0.
160~ bO 13 N=1,3
101 D(N)=D(N)/DMAG
162 DV=)V+[D(l) *V (ME, N)
103 13 IF- (LDEB1JG) WRHITE (NW,-) D(N)
164 34 ADN=O.
165 VMG=0.
100 C!!! COMPUIE VMG,IKHIC1 IS DISTANCE FROMA FIRST CORNER OF
167/ C!!! EDGE TO DIFFRACTION POINT.
368 DO 15 N=1,3
log VMG=VIAG,(X[D(N)-X(ME,N7))*V(ME,N)
17(4 35 ADN=AD)N+(XS(N)-X(I,N))*VN(AE,N)
373i LDIF=.TRIIE.
3712 IF (LDEBUG) WIRITE (NW,2(40) VMG,VMACG(ME),DV
1713 2004 FORMAT (/T10,'VMG ='1,EI0.3,5X, 'EDGE LFNGTH ='*,EIO3./TI(O,
174 2'iV =',,F1O.4,/)
175 IF (V MG. LT.0. )GO TO 10 1
1-76 IF(VMG.LE.VMAG(ME))GO TO 102
177 SP=HMC(MC)
378b DO 103 N=1,3
11/9 1043 VI (N)=VlCCMC.N)/SP
180 LDIF=.FALSE.
181 GO TO 10i2
182 103 SP=UJAC(AE)
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18.3 DO 1104 N=1,3

18t) LI)IF=.FALS-t.
18(. 1042 01=0.

18-1 PP=V.
1b8 QV)=(0.

DO 10 N=1,3
Ivi 01 =0QIV ( ME, N) *V I(N)

01)=Q[D+VJ(MN) *r)(N)
I. IA 20 PD=P)+VP (M, N)*rj) 

195 C!!! PS,PSO AkE THE DIFFRACTION PHI ANGLES.WF-ERE PSO IS
19j6 C!!! INCIDENT PHI AND PS IS VL)fFRACTE[) PHI.
I ( - PSOR=BTAN2 (")U , PP)
1(48 PSO=I)PI?*Ps0R
I v9 IHS.T0)PSO=36V).+PS()
2060 PSR= BT A1.12 ( 1), P )
2061 p5=IVPH*psl
20~2 IF (L[EbWj;) WRITE (NW, 107) 14E*PSO,PS
203 107 FORMAT (/T114,It,5X,-'PSO =,F7:-.2,5X.-'P; =-*,F7.2,/)
214 C
25 U *CHECK IF DIFFRACTED FIELD IS BLOCKED BY THE REFLECTOR*
2(00 C

20 liIF (PS.GE.0~..AND.THER.GT.TE3) GO TO 60
2068 IF(PS.L-T.0.) PS=360.+PS

209 FNP=FN*184.
21(o SPHQ=SIN(PSOR)
211 CPHO=COS(PSOR)
212 SPH=SIN(PSR)
213 CPH=COS(PSf?)
214 C!!! COMPUTE DI FFRACTION POLARI ZATION U141T VECTORS( Pl10, PH.F)OP, iO)
21b DO 3(0 N=1,3
2o PNiO(N)=-VP(ME,N4)*SPHiO+VNl(M.E,N)*CPHO
217 310 PH(N)=-VP(MEN)*SP+VN(IEN)*CPH

22(0 BOP(.3)=P{O( I )*VI (2)-PHiO(2)*VI( I)
221 B3O(I )=Pii(2 )*D(3)-f'E(3)*D(2
222 1O(2)=PH(3)*D(I)-PHi(I)*U)(3)
22 3 fO(3)=PH( I)*D(2)-PH(2)*D( 1)
224 IF (LDEFUIC) VRITE Q-04,103) (PHO,(N) ,PHU 1 ,fOP(N),B0(?N),Ni .3)I225 1(08 FORMAT (1T20,4F12.5)
226 c
227 C!!! COMPUTE SOURCH PATTERN FAcTroRs
228 C

22V DU 29 K=I.KP
2310 1ISI?=1TN2(SORT( VI (1)*V1 (I)+VI (2 )*VI (2)) ,-VI (3))

1.231 PfilPW=fTAN2(VI(2).VI(1 )
2-'2 PSI=PSlk*1)PR
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2.33 PHIP=PHii Pl?*[)PW
2.34 CALL FEP(PS1,PHIP,PSA,PHGAM)
235 IF- (K.EO.2) GO TO 24
236 PSAI=PSA
237 PHGAki=PHGAM~
238b 24 Gk-P(K)=CF
239 DO 27 N=1,3
240) VI (N)=VI (N)+PfIO(N)*DLVI
2,41 27 CONTINUE
242 29 CONIINUF
243 ot-=(;FP( I)
244 CALL F-PUL.(I1X,E-IY,EIZ,PSAI,P~lGAMl)
245 Ir- ((LIl).AND).(LDEBUG)) WRHITE (Fvk,25) EIX,EIY.EIZ
24o 25 FORMAT (/Ti0,5HEIX =,2FIk).4,5X.5HEIY =,2F10.4,5X,5HEIZ =

248 EIPI=(EIX*PHO(I)+EIY*PHO0(2)+EIZ*PHO(3-))*F/SP
249 EIPL=(EIX*30P( I)+EIY*BQP(2)+FIZ*POP(3) )*F/SP
2516 Ir; (LDEBIJG) WR.ITE (NW,31) SP,EIPREIPL
251 -'1 FORMAT (T5,4H-SP =,F]0.4,5X,6HEIPPl =,2El0.3,5X,6HEIPL =,2E]0.3)
252 IF (.N(I.LSLOPE) GO TO 36
2t,3 GF=(GFP(2)-GFP(1 ))/DLVI
254 CALL FPO.L(FIX,EIY,EIZ,PSAI,PHGAMil)
21-5 EIPHP=(EIX*PHO(I )4EIY*PHiO(2)+EIZ*PfiO(3-))*F/SP
250 EIPLP=(EIX*30P(1 )+EIY*BOP(2)+FIZ*BO0P(3))*F/SP
2t57 IF (LLOEbUG) KRITE (HV,,37) EIP14PEIPLP
2bb 37 FORMAKI (T-24,7HEIPHP =,2El0.3,4X,iHEIPLP =,2E10.3)
259 C
2oo~ C!!! COMPUTE SBO=Slr4ECBO)
261 C
2o2 3o CONTINUE
263 SBO=SONT*((V(WE,3)*D(2)-V(M,2)*D(3))**2+(V(4E, 1)
2o4 &*D(3)-V(ME,3)*i)(1))**2+(V(MAE,2)*D(l)-V(ME,1)*D(2))
265 *2

206 TPP=SP* SBO*SHO
261 Il-(LNI-) GO TO 592
26.b GAM=).

2ol AS=SOIRT(cP)
2-10DO 59k) N=1,3

2Hi 5Yk) GAM=GAM+X)(N)*D(N)
272 GO0 TO 595
2-13 592 GAM=-S
274 AS=501T(SP/(S*(S+SP)))
275 TPP=TPP*S/(S+SP)
27o 595 IF (LOEHLUG) VITH (NP4,599) ME,TPP,PS,PSOSRO
277 t)99 FORMAT (IIl0,bX,3HP =,F9.4,5X,41;PS =,F9.4,5X,5HPSO =,F9.4,
2J8 25X,511sriC =,F6.3)
279 EXPH=CEXP(CMPl.X&(0. ,TPI*(GAM-SP')
280) EIPH=EIPI?*EXPH
281I EI PL=EI PL*lEXPH
282 EIPRP=EIPRP*FXPli
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2bi-. hPLP=F.1 PLl)*F-XN I
284 CP=CJ*W1fl*SP*SBO
285 IF (L[JEBULG) VRITF (Ni',60Nl) GAm'4,AS,EXPHi,EIPR,EIPI.,EIPRP,EIPLP
28o octl FURMAT (iI0,5NGAM =,F15.6,5X,'AS =',FI5.0,/10E12.6)
287 D)O 361 J=1 ,2

289 361 C0Rf4(J)=(0~.,0.)
290 C
291 C ***SKIP LOOP 22 IF LCORNR FALSE **
292 C
29.') 11- (.flOT.LCOR') GO TO 26
294 MC=mfi"
295 1 SN= 1
296 C!! LOOP THklJ BOTH CORNERS ON EDGE O.ME.

2 (y -1)0 22 1=1,2
298 IF(IAC.GI.mpI?, Li C= I
299~ I St=- ISN
3(oto SC=IAC(MC)
30 1 IF (LI)ELUG) VRITF (NV,3Pl ) (V(M,N),VICQ?4CN),N=1,3)
J02 301 FORMAT (/3(TI0,2Fl0.5,/))
3(03 COSBC=V0-U, I )*VIC(tiC, I)+V(.ME,2 )*VIC (MC,2)+V (?E,3)*VI C(,iC,,3)
3f04 COSJC=-I SN*COS BC/SC
305 CBOC=IStN*DV
300o IF (LUFIUG) WRITE (V-)ISN.SC,COSI3C,DVCBOC
301f BETC=ACOS(COSBC)
30J8 SI NBC=SINH( ETC)
30~9 RLC=SC

3 1 oASC=l.
311 ZP=(X( MC, i )-Xf)( I )) *D (I )+ (X (MC,2)-Xr.(2) )*D(2)
312 &+(X(MC,3')-XD(3))*D(3)
313 IF (.NOLNF.AflD..NO7ILRANG) GO TO 305
314 SV=O.
31. ssm=04.
31o DO 30~4 N-1,3
317 SX=XN(N)-X(MC,N)
31b SV=SV+SX*V(pMhN)
319 304 SSM=S SM4SX*S).
32w~ SS=SORT (SSM)
.42 1 CBOC=I SN~*SV/cS
322 RLC=SC*. S/( SC. $S)
323 ASC=I/SS

-)2',ZP=S-SS
325 01i5 bI 0IC=ACCS(CF0C)
.32b OIL ( I )=2-*7 P I*iLC* (C OS.5*1 ETC+ BE TOC))**2)
327 TE kS I 3* SRT(S P/SC A SC(TP I *COS1C+ C8 OC)
328 C!!! COMPUTE CORNER~ DIFFRACTION COEFFICIEtrfHCOpND.
32s9 COkN(I)=-I*ERMt*FCT(L())*EXP(C~PLX(.,-TPI*(SC--ZP).2?*r':
330 IF (LLEE[UU) N.ITF. (NV,3'J1) BErCBETOC. SC,SP,SS, PLC. Zn,!Fl-I I)
J.) I 21WUm ,COkti( I)
332 22 MC=MC+I

26 CON'i 1141L
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7334 CALL D)CIP( PEL,CORN ,TPP, PS PS0, SBO)
335 IF (LDEEUG) WRITE (NW,32) DS,DHDPS,DPH
336 32 FORMAT (/TI094HDS =,2F10.5,5X,4HDH =,2Fl0.5,/TIO,5HDPS =
337 22F10.5,SX,5H)PH =,2F10.5,/)
3.38 lk; (.N01.LIF) (.O, TO 202
3-,-9 EDPR=-EI PR*AS*I0f
34fo EUPL=-EI PL*A- S*DS
341 IF (LUEE-JG) VIRITF (NW,34) ME,EDPR,EDPL
342 201 IF (.N0'I.LSLOPE) GO TO 202
343 EDPR=Ef)PR+EI PPtP*AS*DPli/CP
344 EDPL=Ef)PL+EI PL P* AS*DPS/C P
345 202 CONTINUE
340 IF ((LDlF).AND.(LDEBUC3)) W1RITE (NW,34) MiE,EDPR,EDPL
347 34 FORMAT (115,5X.6fHEDPR =,2F10.4,5X,6FB)PL =.2F]0.4)
34b C
349 C!!! IS CORNER D)IFFRACTED FIELD DESIRED?
350 L
351 Itz (.NOT.LCORNR) GO TO0 45
352 IF (L-DEFUG) WRITE (NW.35) BS,Bli,BPSBPH
353 .35 FORMAT (T]0,4fiBS =,2F10.5,4X,4HBH =,2F10.5,/Tl0,5ir3PS
3t54 22FI0.5,4X,5HBPH =,2F]0.5,/)
355 ECPWi=-El PR*BH
356 ECPL=-EI PL*RS
357 IF (LDEIJG) VRITE (NW,42) ME,ECPR,ECPL
358 IF(.NOTLSLOPE)GO TO 203
359 ECPR=ECPR+EI PfIP*BPH/CP

360 ECPL=ECPL+EI PLP*BP5/CP
361 203 CONTINUE
3o2 IF (LUEEUG) IRITE (Nl'.,42) I.E.ECPR,ECPL
363 42 FORMAT (115,5X,6HECPR =,2E1~j.3,5X,6HECPL =,2EI0.3)
364 EDPR=EDPR.ECPH
365 EDPL=EDPL+ECPL
366 IF (LDE[UG) WRITE (NV,38) ME,EDPI),EDPI.
3o7 38 FORMAT (115,5X,6HEDPR =,2E10.3,5X,6HFDPL =,2E]0.3)
368 C!!! COMPUTE THEIA AND PHI COMPONENJTS OF TOTAL DIFF. FIELD
369 C
370 45 CONTINUE
3-11 DO 48 N=1,3
3-12 48 ED(N)=EDPL*BO(N)+EDPR*PH(N)
373. IF (LUEbUG) V~RITE (NVI,55) ME,ED(l),ED(2),ED(3)
374 55 FORMAT (Il5,5X,5HEDS =,2E10.3,5X,5HED2 =,2Elr0.3,5X,5HED3
375 22EI0.3)
3)6 EDX=EDX.ED( I

3)) EDY=EDY+ED(2)
3718 EDZ=EDZ+ED(3)
3-19 60 CONTINUE
380 IF (.NO'j.LNF) 0O TO 80
381 IF (LOUT) WR~ITfE (NW,62) EDX,EDY,EDZ
382 o2 FORMAT (/T10,T10,5HEUX =,2E10.3,5X5EFDY =,2E10.3,5X,
383, 25HEDZ =,2E](3.3./)
384 C
485 C ** NEAR FIELD SECTION***
386 C
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487 XI.XN(I)-XS(I)
388 X2=XN(2)-XS(2)

489 X.3=XN(3)-XS(.3)
3916 PHO= SOQRI(X I* X I+X 2 *X2)
3s41 IF (XfJ(3).LT.J.) Go 10 65
49ly2 RHOtl=Shk?( (XN ( I)-XUO ( I)) **2+ (XN (2) -XO(O(2))**2)
3 9. I F ( HON .LT - R 0(2.OR . iH0N. G T R 10S(1I GO 7 0 65
394 C
395) C * REr-LECTE) FIELDS**
396 C*
Js,- I=ICO+Xf4( 1 )/Gi~IfX+9IELT
398 J=JCO+XN(2 )/GRIoDy[EI-'f
J99 M=I+l
4V0 N=J+I
401 DX=XN( I)/GRIDXiICO-I
402 DY=Xtl(2)/GRII)Y+JCO-J

40-' PHEH=CEXP( -(J*TPI*XN (3))
404 EikX=(IlA(,,)*(.-I)X-flY)+EA( I ,i+l N)*)X+EA(1,VA,N+l )*p-Y)*)HER
405 EWY=(EA(2,M,N)*( I.-DX-I)Y),EA(2,M+, N)*DX+FA2,,1,1+)*r)Y)*PIIEI
406 IF (LOUT) WRITE (NW,64) ERX,EIY
40? 64 FORMKI (/TIO,'ERX =-',2E12.4,5Xv,'ERY ='1,2E12.4,/)
408 EDX=ELDX+ERX
40Y EDY=El)Y+ERY
4 1 k C
411 C * SPILI.OVER FIELDS**
412 C
413 05 IF (.NOT.LFEED) (G0 TO 74
414 PHIPR=IAN2(X2,XI)
415 PH I P= PH I PR *I)PR
41o PS I = BAN2C( RH0,- X 3) *r) PR
417 THE1lA=Ib-o.-P5I
41b 8 H=S ORT( Rl f0* l-&O+ X3 *X 2
41IS PfibI CI:XP (-CJ*TfP I*RS )*F/RS
420 IF (XN(3).GE.0.) GO T0 703
421 IF (iSPIPPVPC;.,A1)CALL SBDY(MRIM.X,XS,PHIE,
422 2 THI ,TH2,TH EB)
423 PREVP=PHIP
424 11- (ABS(TrHETt-THI ).LT.0.05) TH2-TA=TllElA+0.C05
425 I F C AS(CTHETFA-TH2) .LT. 0.0(5) TIFETA=THETA-0.05
42o IF- ('Ii 7A.LE-'fH2.AND.THETA.GE.TH1) GO TO 74
427 70 CALL. FEift(PI,PH[P,PSA,PHG-AM)
428 CALL FPUL.(EIX,FIY,EIZ,PSA,PHGA?)
42S9 EI XEI X*PiiFI
430 EIY=EIY*PHI
431 FIZ=FIZ-*PEI
4--2 If- (LOUT) Mh~TH(k,72) EIX,FIY,EIZ,FIJX,EDY,ED)Z
433 72 FOlMAT(2H 0.1.1 5,511FIX =,2Fl0(.4,5X.5liFIY =,2EI0.4.5X5:!EIZ
434 22EI0.4,779,1IO,/?Hi O,TIl-,5HErDX =,2FU0.4.5X.5V1-EDY =?1i4
435 35X,5HEDZ =,2EI0.4,T79,1110)
43o EDX=EVX.FIX
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43-1 EDY- ED Y.+EI Y
438 EDZ=EDZ+EIZ
<)Y 14 IF (.NOl.LHAMG) 0O TO 75

44M Ef)T=COST*(COSP*EI)X.SINP*EDY)-SINI*EDZ
441 EDP=-SINP*EDX+COSP*EI)Y
442 GO TO 8,4
443 75 CALL DBPIiS(AEDX, EDX, 0.)
444 CALL DBPHS(AEDY,EDY.0.)
445 CALL D)BPHS(AEDZEf)Z,(3.)
446 IF(LWRITE) WRITE (NII,76) P3,AEDX,EDX,AFDYEDY,AEDZEnz
44-1 16 FORMAT(2H WT,F6.2,4X,,3(ECA.-q,2FI0.2))
44b PLT=HEAL(EJY)
44Y GO TO 90
450 C
451 C ** FAR FIELD) SECTION **
452 C
453 80 EDT=(COU-I**COSP*EIJX+COST*SINP*EDY-SINT*EDZ)*RFCT
454 11P=(-SINP*EDX+COSP*EDY)*RFCT
455 IF (LOUT) WRITE (NW,82) EDT,EDP
45o 82 FORA7(2h- T,-iJ0,0E[T =0,2El1.3,5X,'EDP =',2E11.3.,f79.,ilI)

4b-i Ik- (.NOT.LFEED) GO TO 84
4t5b lI- (ThiETA.LL.TH2.AND.THETA.G'T.THil) GO TO 84
45 9 C

40k; L SPILLOVER FIELD)S
4ol C
462 P51=180.-THETA

403 PSIR=PSI/DPR
4o4 SINS=SI N(PSI R)
465 COSS=COS(PSIR)
466 CALL FEED(PSI,PHI,PSA,PHGAM)
407 CALL FPOL(EIX,EIY,EIZ,PSA,PHGAM)
4()8 kEIT=-COIS*COSP*EIX-COSS'*SINP*EIY-SINIS*EIZ
4o9 EIP=-SIJ"P*EIX+COSP*EIY
470 PHEI=CEXP(CJ*T'PI*ZO*COST)*F*PFCT
471 EIT=EIT*PHEI
4-12 E IP= E IP* PIE 1
473 IF (LOUT) WRITF (NW,-) EIT,EIP
474 EVT=EDT+EIT
4-15 EDP=EDP+EIP
47o IF (LOUT) ARITE (NW,82) EDT,EDP
4 l 7 C
478 C * PRINC AND CROSS POLARIZED COMPONENTS *
47s9 C
480 84 TMT=EDT
481 EU*F=COSPT* E[)T-S INPT* EDP
482 LVDP=SI NPI *TMT+COSPT*EDP
483 IF (.N02.LCP)) GA) TO 85
4b4 TM I'= EDT
48 t EDT =rE M2 * (rFI- CJ *FDP)
48o ED P=TE M2 *( TMT+ C.)*F-DP)
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481 85 CALL LBPHS(AEDT,E[DT,REFI)B)
4bb CALL 0HPHS (AEFJP,2EDP,RHFI 'B)

489If-CLWIIE)WIVlTE CNW,86) P3,AEOT1 ErDT,AEDP,EDP
490) b6 iORMAT(2H I,T5,F6.2,4X,,2(E-IC4.3,2FI0.2),T79,1HiW)
491 PLT=REAL(EDT)
492 90 CONTINUE
49. WRITE (2) PLT
494 P3-P3+DP3-
4Y!b 100 CONTINUE
496 RETUR~N
491 UND
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SUBROUTINE LNFD

PURPOSE

To calculate the feed pattern value by linearly interpolating the
input feed data in a given PHI cut.

ft*)

*1 *2 ,

Figure 1. Piece-wise linear approximation for feed patterns.

METHOD

The feed pattern value fe at an angle * is calculated by

fe =f (l-dp) + f *+l "dp

where

dp - '1

and fs are the Input feed pattern data.
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FLOW DIAGRAM

LNFD(PX,F,PSI,N2,FE,LDB)

INPUT VARIABLES

PX (0i) Input feed pattern angles

F (fi) Input feed pattern data at PX

PSI ( ) Feed pattern angle at which the feed pattern
value is to be calculated

N2 Total number of inDut data points

LDB Logical variable which specifies the feed
pattern in dB values, if true, or as linear
field values, if false

OUTPUT VARIABLES

FE (fe Calculated feed pattern value

Loop through N2-1 inu
feed angles

YES NO

End of loop

L Calculate feed pattern value
at PSI by linearly inter-
polating the adjacent two

FE=-500 input feed pattern data

19RE3RN
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CODE LISTING

I SUBROUTINE LNFD(PX,F.PSI ,N2,FE,LDB)
2 DIMENSION PX(15),F( 15)
3 1-0;ICAL LUB
44 N3=142-1I
b DO 10 1=19N3
o IF (PSI.GT.PX(I+.)) G0 TO 10
7 DP-(PSI-PX(I))/CPXCI*I)-PX(I))
8 FE-=I)*(I.-I)P)+FCI+1)*D)P

so RETURN
105 10 CONTINUE
III FE=Ie.
12 IF CLUB) FEa.-500.
13 RETURN
14 END
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SUBROUTINE SBDY

PURPOSE

To calculate the shadow boundary angles for the spillover field,
the edge diffracted field and the reflected field.

Pi+l r Pi

SB2

(a) FRONT VIEW (b) SIDE VIEW FOR
SPILLOVER FIELD
SHADOW BOUNDARY

SB

xs zie
zz

(c) SIDE VIEW FOR (d) SIDE VIEW FOR
DIFFRACTED FIELD REFLECTED FIELD
SHADOW BOUNDARY SHADOW BOUNDARY

Figure 1. Geometry for shadow boundary angles.
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METHOD

In order to find the appropriate shadow boundary angles and dis-
tances, the intersecting points on the reflector rim cut by the PHI
plane must be located. By comparing * with y1 and T2, which are the
projected angles defined by the source XS and the rim points Pi and
P+, respectively, measured from. the x-axis, on the aperture plane,
(iig. la) the index of the rim section cut by the o plane is found and the
intersecting point coordinates x and y can be obtained by solving the
linear equation of the corresponding edge and y=x tano; then z by solving

z = x2___

4F"

Once x,y and z are determined, the parameters for the different
shadow boundaries are readily found as follows:

a) Incident shadow boundary angle e

01,2 = n-"1,2

where a is defined by XS and the intersecting points on the rim (see
Fig. lb) and is given by

= tanl x-XS 12+(y-XS(2))Ia z-XS 3)J

b) Diffracted shadow boundary angle OB

This angle is defined by the two intersecting points on the
upper and lower rim respectively, measured from the z-axis (Fig. 1c)
and is given by

O= tan-1 (A-)

where

AP = J(x2_xl )z+(y2.yli

and

AZ = Zl-Z 2
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.. c) Reflected shadow boundary distance Ps

1. % 1 2 ,I4 x xsl))2+ y xs ( 2

I which is illustrated in Fig. Id.
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FLOW DIAGRAM

SBDY(NRIMXS,PHI ,THl ,TH2,THEB)

INPUT VARIABLES

N Number of rim points
RIM Rin point coordinates
PHI Pattern plane cut
XS Source location

OUTPUT VARIABLES

THI,TH2 (e, e2) Shadow boundary angles for spillover field
THEB (083 Shadow boundary angle for diffracted field

Loop through rim points l=l.N

C alculate the angles GAM] and GAM2

Is
YES GAM_ PHI<GAM2? NO

Store index of the
rim cut by PHI

I Calculate intersecting
rim point coordinates

Calculate reflected shadow
boundary distance
RHOSl and RHOS2
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ICalculate angle ALPHA and[
incident shadow boundary
angles Thi and TH2

Calculate diffracted shadow
boundary angle THEB

1 Qq



KEY VARIABLES INPUT/
OUTPUT

ALPHA (a) Inciderit shadow boundary angles measured
from negative z-axis

GAMI (yi) Projected angle defined by XS and RIM POINT P:
measured from the x-axis

GAM2 (y2 ) Projected angle defined by XS and RIM POINT

Pi+1 measured from the x-axis

ML Index of the lower rim cut by PHI

MU Index of the upper rim cut by PHI

RHOS (ps) Reflected shadow boundary distances (0)

X(1) X-coordinate of the upper intersecting
rim point

X(2) X-coordinate of the lower intersecting

rim point

X1 X-component of the distance from the source
to rim point Pi

X2 X-component of the distance from the source
to rim point Pi+l

Y(l) Y-coor4inate of the upper intersecting
rim point

Y(2) Y-coordinate of the lower intersecting
rim point

Yl Y component of the distance from the source
to rim point Pi

Y2 Y component of the distance from the source
to rim point Pi+l
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1. CODE LISTING

SUBa()UTI NE SFDY( N,RI M.XS.PHI .TII ,TH2 THF9
2 C
- L. * Tib SiJEHkOUTINE CALCULATFS THE SHADOW B~OUNDARY ANGLES
'~c FOR SPILLOVER FIELDS AS WELL AS FDGE DIFFRACTED) FIELOS

* tC OF A PARABOLIC REFLECTOR ANTENNA.
LC

C ***THE RANGE OF INPUT PHI ANGLE IS IN (-M8.,180.) t
DIMENSION RIM(67,.2),ALPHA(2) ,X(2),Y(2),Z(2),XS(3),HHOS(2)
DIMENSION MI.J(2 ),.ML(2 ),SIGN(2)

I]I LOGI CAL L'f[ST, LI)E13!
* 12 COMMON /RFFr)Y/fHOS

I -"'ICOMMAON /FOCAL-/F,ZOP
14 COMMON /PIS/PI,TII,DPR

I t) COMMON /OUtl/tq
ICOMvMON i . Li ULET TS
17 IF (LTE$T) MilTh(o-)lHI

lb IPIPI/.41

2k, PHIR=Pf1I/D)Ik
21 TANP=T AN(Plil R)

,2IF (Pl .T .)PHI PP=PH IP-P
2-) It- (Pli1.LLi. .) HIPR=P4IR+'I

24 LI=o

271 c * L : # OF INTERSECTING0 POINTS ON THEF APERTUR7E RIM CUT BY PHI
26 L AND PHIP.
2~ c MU,MLs INDEX OF- THE qIM PoIT' COI~il 10,1 I'-)(';N TO TH'- i-IM SECTI

.A CCUT PY PHI ANJD/OR PHlIP RESPECiIVELY.
31 c

'.2 DO 10 I=IN

34 XI=RIM(I,l )-XS(I)

'. t GAM I =ilAN2 (Y I .X I
J=I+l
IF(J(.) =

-b X2=RH(J, 1 )-XS(I
- ~ Y2 =H I &(j, 2)X S(2

4ir0 GAM2=15TM42 (Y2. X2)
* 41II~ ~'I.1.(. r)6M.I * GAM2=GAV2.*TfPI

142 (rA3'(Gl-Ay ITPI)G TO 6
4 z I I-A r1(GAM I )*YiAo''((,A'?) Gr'.o) CO TO 10

(;u To ti
4 tj 0 FI ( GAM2 * (;'I'. (,AN" I GO(~ TOR

* 4o ThLMP=(GAtIV
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4 1 GAM I=GAM,)
4h1 GAM2U=hlhP

4o 8 CONTINUE
50 I- (PHIk.LT.GAMI OR.PHIR.(;E.GAv2) GO TO 9

51 LI=Ll+I
52 MU(LI)=1
53 9 IF (PHIIPR.LT*.GAMI.OR.PH-IPR.GE.GAM2) (G0 TO i0
54 L2=L2+1
t5t ML(L2)=I
t)6 10 CONTINUE
t)7 L=LI+L2
5b 11- (L.GJ1.2) VRITIF (6,12) L
59 12 k-ORMAT (/f1I0,'L=',I2,5X,'ABNORlVAL RIPt SHAPE',-*/)

00 IF (LUEEUG) KRITE (6,14) L,LI,L2,MU(I),MU1(2),AL(l),ML(2)
61 14 I-URMAT (/TW0,'L=',25X,615,/)
02 IF (L.AO.2) GO 70 15
0-) C
04 c * L<2, EITHI-A4 P14I CUT TANGENT TO TIT. APFRIURE RIM ([.=I)
01) c OR MI SSING lH1*E APfI3RTURE PLANE (L="').
o6 L
07 TI= 180.
08 TH2=180.
09 RETURN
-6 1iIt IF (LI-i) 16,17,18
1I 16 MI=ML(i)
72 M2=ML(2)

- I) SIGN(I)=-I.
*14 SIGN(2)=-I.
75 (30G TO 2
I o V MI=MU(1)

i'd M2=ML(1)
78 SIGN(I)=I.

ly SIC;N(2)=-I.
8E0 GO TO 20
81 18 MI=MU(I)
82 M2=MUJ(2)

64 SIGN(2)=I.
84 2i4 GN-(D)iIJG . IF(6- IM
b0 Cj 2 F(D--IG RT 6- IM
8 0 CL* A C L i - O R I A T S o H N E S C I G P I T
8-1 C (X(UI),Y( IE AOORDINAES! ORTESPINGEATNGE PNTS AN
bb C ALP() EASUR(I) ANOM THvE NCOATREODN Z ANGESS. N
b9 C ALLH(2 MEEASIURTE FRORCE PO(AIT Z-AIS
90 CALREERNTOTEcOJFPON .
Y2 11M

[)U3~ m i,
94~ D 3 1=1(,2)XSi

Y4 Yi=HIMC1l,2)-XS(2)

i~o IF (LUEHUG) lHITE (6.32) XI,Y1
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9b It: (12.CT.N) 12=1
99 X2=RIM(12,1)-XS(l)

1(60 Y2=kIM(I2,2)-XS(2)
1; I IFk (LDEPIJO) V.-P1T[ (6.32) X2,Y2
I k)2 IF (AIS( Xf-X2).LT. I. F-3) GO TO 25
10o3 SLP=(Y2-Yi )/(X2-Xi)I
I kA I F ( AHS(PH I - .).1-T. I E--3) (30 10 22
I V,5 X (I ) =( X2*SLP-Y2) /( LP-TANP)

I foeY(I )=X( I)*TANP
I k -1(GO TO 2 f,

10H 22 Y ( I)=Y2- X2 *SLP
IVYX(I)=)
I i GO '10 28~
-1,1 25 X(1)=Xi
112 Y(I)=X(I)*TANP
11 28 kHO$-(1)=UIG'(I)*SOI?T(X(I)*X(I)+Y(I)*Y(I))
l14 Ii- (LDEILUG) I"3RITE (6,-) 1,11 ,X(I ).Y( I),l'iOSC I)
115 II=M2
116 - CONT1INUE
117 C
I1b IF (LI.VO.I) GO TO 31
II'y IF (RlO-"'1).GL.kHOS(2)) GO TO ---
120 TEMP=X(I)
121 X(I)=X(2)
122 X(2)=TEMP
123 TEMP=Y(i)

125 Y(2)=*IEMP
12o TEMP=ktiIGS( I)
127 fHOS(1 )=RHOS(2)
12b NHOS(2)=TEMP

I3 o c ** X(K),Y(K),Z( <) REFER TO THE REFLECTOR cop~nTNA:.
141 c
I.. 2 31 DO 40 K=1,2

I XP=X(K)
1.34 YP=Y(K)
1-.5 X(K)=XP+XS( I

1 *-6Y(K)=YP+XS(2)
1 37 -1HO2=X(kj)**2.Y(K)**2

L 8 Z(K)=I?HC2/(4.*tF)-ZOP
1'-S It-; (LTEST) WRITH (6,32) X(K),Y(K),Z(K)

1I0 32 FORMAT (T20,,EI2.4)
141I D=Sofl?(XP*XP+YP*YP)
142 ZZ=XS(3)-Z(K)
14-' ALPHA(K)=BTAN2(D,ZZ)*D!Dt
144 IF (LTEM1) ~KRITE (6,. 5) K,ALPHA(K)
145 35 FORMAT (TIb,'-ALPHA(P,I1,0)0,F7.2)
14o 40 CONTINUE
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14" C
148 C *** SHADOW BOUNDARY ANGLES FOR SPILLOVER FIELD ***
I4, C
I t THI=I80.-SIGN( I )*ALPHA( I)
151 TH2=180.-SIGN(2)*ALPHA(2)
152 C
53 c *** SHADOW BOUNDARY ANGLE FOR EDGE DIFFRACTED FIELD ***
It4 C
155 THEB=HPI
ibo IF (AIS(Z(1)-Z(2)).LT.I.D-4) GO TO 70
15 1 DRHO=bhl((Y(2)-Y(I))**2+(X(2)-X(I))**2)
b8 DZZ=Z(I)-Z(2)
I b9 THEB=ITAN2 (DRHO, DZ)
loo 70 " Ii (LTEST) WRITE (6,80) THEB
101 80 FORMAT (/T15,THEB =',FIl.4,' RADIANS",/)
102 RETURN
16$ 100 WRITE (6,120)
104 120 FORMAT (/TI0,'*** EIkROR a TWO CONSECUTIVE RIM POINTS APUST '

lotb 2-'LOCATE IN THE SAME OUADRANT OR ADJACENT OUADRANTS-,/)
loo CALL EXIT
1o'1 END
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